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A B S T R A C T 
The present study deals with the effect of air pollutants emerging 
out of a coal-fired power plant on the growth and anatomy of two 
selected weeds, namely Amaranthus viridis and Euphorbia hirta. The 
Thermal Power Plant complex of Kasimpur was selected as the source 
of pollution. The complex, located atx)ut 16 km North-East of Aligarh 
(the latter was taken as a reference site) runs on low grade sulphur-
rich bituminous coal with a daily average consumption of 3,192 metric 
tons, and emits large amounts of noxious gases and particulate pollutants. 
Plants were collected randomly from two sites i.e. from the 
area within 1 km range around the source of pollution (Site 'B') and 
from the reference site (Site 'A') at the rate of 10 plants sample at 
each of the three selected stages of plant growth; (I) Young stage 
( a stage between seedling and the middle phase ), (II) Middle stage 
( a stage of vegetative growth ) and (III) Old stage ( the stage of 
flowering and fruiting ). The following parameters were considered 
to workout the responses of the selected species : 
(I) External injury symptoms on plants, (2) Root length, (3) Shoot 
length, (4) Branches plant' , (5) Leaves plant" , (6) Petiole length, (7) Total 
leaf area, plant , (8) Fresh and dry weight of leaves plant" , (9) Fresh 
and dry weight of shoot plant" , (10) Fresh and dry weight of root plant" , 
( I I ) Fibre length, (12) Fibre width. Length of vessel elements, (13) Vessel 
width, (14) Frequency of vessels in shoot and root, (15) Relative proportion 
of tissues in stem and root, (16) Tissue proprotion in potioles (Young 
II 
and old) and (17) Tissue proportion in the lamina of young and old leaves. 
The data obtained in the present study were analysed to find 
out standard deviation (S.D.) between the two sample means. The per cent 
variation, i.e. the per cent increase or decrease in parameters with 
increasing plant age was computed to compare the level of sensitivity 
of the different parameters, at different growth stages. The major 
findings of the present investigation are summarised below. 
Sensitivity Stage : 
The response of different parameters in the selected species 
is displayed in a decreasing order of variation at the three g^ rowth stages : 
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Positive Variation 
Parameter Sensitivity : 
The following list shows the various parameters arranged in 
a decreasing order of sensitivity in both the selected species : 
Amaranthus viridis 
ROOT 
( Weights and Dimensions ) : 
1. Dry weight* 
2. Fresh weight* 
3. Root length* 
4. Vessel element length 
5. Vessel diameter (Tangential)* 
6. Vessel diameter (Radial)* 
7. Fibre length 
8. Fibre width 
Euphorbia hirta 
ROOT 
1. Dry weight* 
2. Root length* 
3. Fresh weight* 
4. Fibre length* 
5. Vessel diameter (Tangential)* 
6. Vessel diamter (Radial)* 
7. Vessel element length 
8. Fibre width* 
X 
Amaranthus viridis 
Area Occupied by Tissues 
Euphorbia hirta 
1. Xylem (Secondary vascular bundles)* 1. 
2. Starch sheath* 2. 
3. Phloem (Secondary vascular bundles) 3. 
4. Phloem (Primary vascular bundles)* 4. 
5. Pith* 
6. Xylem (Primary vascular bundles)* 
7. Cork* 
8. Cortex 
9. Hypodermis 
Cork* 
Xylem* 
Phloem* 
Cortex* 
STEM 
( Weights and Dimensions ) : 
1. Dry weight 
2. Fresh weight 
3. Vessel diameter (Tangential) 
4. Shoot length 
5. Vessel diameter (Radial) 
6. Vessel element length 
7. Fibre length 
8. Fibre width 
Area Occupied by Tissues : 
STEM 
1. Shoot length* 
2. Shoot fresh weight 
3. Vessel diameter (Radial)* 
4. Shoot dry weight 
5. Fibre width 
6. Vessel diameter (Tajigential) 
7. Fibre length 
8. Vessel element length 
1. Hypodermis* 1. Cortex* 
2. Phloem (Primary vascular bundles)* 2. Epidermis* 
3. Xy lem (Secondary vascular bundles)* 3. Phloem* 
XI 
Amaranthus viridis 
4. Cortex* 
5. Conjunctive tissue* 
6. Xylem (Primary vascular bundles)* 
7. Phloem (Secondary vascular bundles)* 
8. Epidermis* 
9. P i th* 
10. Starch sheath 
Euphorbia hirta 
4. Pith 
5. Xylem 
STl 
1. 
2. 
3. 
4. 
5, 
3M APEX 
Vessel 
Fibre 
Fibre 
Vessel 
Vessel 
diameter 
wid th* 
length* 
(Radial) 
diameter (Tangential 
element length 
1. Fibre width* 
2. Fibre length* 
3. Vessel diameter (Radial) 
4. Vessel diamter (Tangential) 
5. Vessel element length 
Area Occupied by Tissues 
1. Phloem (Secondary vascular bundles*) 1. Xylem 
2. Hypodermis* 2. Pith* 
3. Xylem (Secondary vascular bundles*) 3. Phloem 
4. Phloem (Primary vascular bundles*) 4. Cortex 
5. Epidermis Conjunctive tissue* and 
starch sheath 
6. Cortex* 
7. Xylem (Primary vascular bundles*) 
8. Pi th* 
9. Epidermis 
XII 
Foliar Paramters 
1. Leaf fresh wt. plant 
- 1 * 
2. Leaf dry wt . plant 
- 1 * 
3. Leaves plant 
- 1 * 
4. Branches plant 
5. Petiole length 
- 1 * 
1. Petiole length* 
2. Leaf dry weight plant •1 
3. Leaf fresh weight plant 
4. Leaves plant 
5. Branches plant 1* 
This study was conducted under field conditions, and needs to 
be repeated under lat>oratory conditions t>efore making any generalisations 
regarding the di f ferent leaves of response by the parameters studied. 
However, a comparison of the performance of plants growing at the 
polluted and the reference sites leads one to the following conclusions : 
1) The length and the dry weight of roots gained in the polluted 
samples during the early stages of growth in both species. An 
overall gain in root growth (such as root length, cell size, 
tissue development) was noticed during the older stages in 
both species. 
2) Shoot length and shoot dry weight also gained in the early 
stages of plant growth, while tissue expansion was greater 
during the late stages of the two species growing in the polluted 
atmosphere. 
3) Young and delicate portions of stem showed a suppressed growth 
during the early growth stage at the polluted site but the 
loss was readily overcome in the later stages in the both species. 
XIII 
4) Young leaves were more affected by the enviroment throughout 
the plant ontogeny than old leaves in tx)th species. 
On the whole, both the selected species showed a more vigorous 
growth at the polluted site that at the reference site and hence such 
weeds, if present around the source of the coal-smoke pollution, may 
possibly act as biological scavengers for the polluted environment. In 
addition they may also be identified as biological indicators for the 
pollutants specifically produced by the coal-burning in the thermal power 
plants. 
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INTRODUCTION 
I N T U O D U C T I O N 
Pollution is no longer a mild problem today, as it has transformed 
into a disaster, spreading all over the globe and affecting every object, 
be it living or non-living. The hazardous air pollutants are the Cinderella 
of the world's environmental toxics control programmes. While her stepsisters 
in water and land are stepping out in style, the air hazards programme 
sits home by the cinders (Becl<, 1987). The noose of decay and death 
around the biosphere is tightening day by day at an alarming speed, 
and man can no longer afford to be indifferent toward his diminishing 
green world, his smoke laden sky, and his own deteriorating frame of 
bone and flesh. 
The history of the 'darkening horizon' took birth when tlie first 
spark of fire was struck between two fire-stones, and man produced 
fire for cooking and for brightening his ill-illuninated caves. The poet 
"Horace" mentioned smoke-blackened temples in Rome, as far back as 
100 B.C. The concept of 'poisonous air' or 'miasmas' developed in 
the medieval ages, when man became aware of the polluted air. Combustion 
of crude oil in Persian tombs was reported as early as 500 B.C. British 
kings are also reported to have declared the fouling of atmosphere in 
London by coal smoke a legal offence, punishable by a death penalty 
(Bach, 1972). 
Man-made pollution and natural pollution went hand-in-hand during 
the geological epochs. Volocanic eruptions, sand laden winds, gases such 
as ozone, and oxides of nitrogen produced by electrical discharges constituted 
natural pollution. The air of the ancient world contained appreciable 
amounts of ozone, nitrogen oxides, traces of various hydrocarbons, carbon 
monoxide, sulphur dioxide, hydrogen sulphide etc, formed as a result 
of forest fires. Geological studies have shown that the atmosphere in 
the ancient times had an appreciable suspension of paleo-ash in the air 
all over the world. During the Paleozoic and Mesozoic ages, when 
land plants came on the scene, a new category of air contaminant such 
as spores, pollen grains, mycelia, bacteria, viruses and other biological 
particles was added into the environment. Paleo-botanical studies indicate 
that the ancient plants developed protective adaptations against the polluted 
air. The floras of the Mesozoic era guarded themselves against the 
paleo-ash by developing stomata only on the lower leaf surface. Such 
examples include Nipancopliyllum of the Cretaceous period and liaurophyllum 
bournense of the Eocene era. such defence tactics against the atrocities 
of the enveloping air have been preserved and reinforced by tfie present 
day plants that have developed trichomes, sunken stomata and wax layers 
on aerial parts. 
With tlie advent of civilization, when towns and cities came 
into existence, there began the indiscriminate use of fuel for cooking 
and warmth. The industrial revolution, population explosion, technological 
advance, rapid urbanization and man's constant strive for a higher standard 
of living have all contributed to the problem of pollution. Man did not 
think about the blanket of smog (smoke + fog) which he was weaving around 
his habitat and which ultimately was to smother him to death. The grey-
brown haze, covering Los Angles and the central valley regions of California 
during suinincr inoiillis, lius been found to be a pliolocheinical smog, 
a complex mixture of several chemicals, causing injury to the pine trees 
in that area (Miller, 1985). Urbanization has led to the clearing of forests 
and the green cover of the soil, and the coup de grace being delivered 
by the addition of dust and cement particles into the air with the emergence 
of new buildings and factories. Presence of cement dust on plants decreases 
photosynthetic activity in them (Bohne, 1963), It causes greater radiation 
intake, thereby increasing the plant temperature and evapo-transpiration, 
and having an adverse effect on fertilization in polluted plants (Anda, 
1986). The widespread forest areas are thus experiencing stages of ecosystem 
decline (Bornmann, 1985). 
As early as the 1960s, a link between the changes in the atmos-
pheric composition and the climatic variation was suggested by John 
Tyndall in Britain. Half the carbon dioxide produce by fossil fuel stays 
in the atmosphere and the rest is absorbed by oceans as a result of 
interactions between the atmosphere, oceans and the biosphere, (Crane 
and Liss, 1985). The global rise in the atmospheric carbon dioxide concen-
tration is now a well-established phenomenon (Penrman, 1980). The amount 
of carbon dioxide has increased by 20-30 per cent since the beginning 
of the Industrial Revolution. Early in the twentieth century, Svante 
Arrhenius predicted that if the carbon dioxide concentration in the atmosphere 
doubled, the global climate would be warmed by 4-6°C. The figure is 
remarkably close to the present day estimates. An increase in the carbon 
dioxide concentration in the atmosphere increases the air temperature 
by the 'green-house effect'. In fact, the carbon dioxide molecules transit 
short wave-length radiations from the sun, but absorb a portion of the 
longer wave-length radiation emitted by the Earth. The elevated carbon 
dioxide levels in the atmosphere are generally attributed to the burning 
of fossil fuel, but there is also another vent for this increase, i.e. the 
cutting and burning of virgin forests and conversion of well-balanced 
ecosystems into towns and cities. 
Pollution begins at home. In the words of Matthews (1985) "an 
Englishman's home may be his castle, but it also liarbours air pollution 
that could damage his health". Indoor sources of pollution range from 
gases released from gas-cookers to the ground beneatli our feet. 
Thermal power plants burning coal with a high Beryllium content 
are the most serious sources of the environmental pollution by this element 
(KubizKakov^, 1987). The low grade coal, burnt in the thermal power 
plants releases into the air oxides of nitrogen, sulphur and carbon as 
major pollutants. Sulphur dioxide is one of the most prevalent gaseous 
air pollutants and its effect on vegetation have been well documented 
(Jacobson and Hill, 1970). Plants are injured by far lower doses of sulphur 
dioxide than animals (Rail, 1974). Oxides of nitrogen, sulpiiur and carbon 
combine with moisture in the air, and come down to the surface of the 
earth in the form of acid rain. The green cover and the soil are bathed 
with and left at the mercy of this acid which spells 'death'. Acid rain, 
with 4.1 pH average in the West Germany, dissolves heavy metals which 
are then taken up from the soil by the root hairs of plants. The acid 
components and heavy metals then destroy the plants (Bhattacharyya, 1984). 
Some plants have the ability to neutralize acidic droplets on the leaf 
TA13LH 1, INDOOR I'OI.I.U'l'ANT l.l'VI':i.S AND STANDARDS 
Pollutant Source Typical 
Levels 
Recommendations 
Radon Soil, Masonry 0.8 millisieverts 5 mSV (NRPB) 
Carbon monoxide Office smoking, 15 ppm 
Gas stoves 5.5 ppm 
9 ppm for 8 hr, or 
35 ppm for 1 hr, no 
more than once a year 
(EPA) 
Nitrogen 
dioxide 
Gas cooker 0.16 ppm 0.05 ppm annual 
mean (EPA) 
Dust Normal 
activity 
53 / i gm 75 /I gm annual 
geometric mean (EPA) 
Asbestos Asbestos-based 5 x 10 
materials m -3 
2 fibres ^ m^ e '"^ e 
5 X 10 f m for 
white (occupation) 
(HSE) 
Ozone Photocopiers 
Electrostatic 
air cleaners 
0.04 ppm 
0.01 ppm 
0.122 ppm for 1 hr, 
no more than once a 
year (EPA) 
Formaldehyde Chipboard 0.5 ppm 2 ppm (occupation) 
(HSE) 
Source of data : NRPB : UK National Radiological Protection Board, 
(July, 1983). 
EPA : US Government Environment Protection 
Agency, (1971-79). 
HSE : UK Health and Safety Executive (August, 1984) 
* : after Matthews, 1985. 
TABLE 2. Various categories of air poilulunts and their emission sources 
(after Rossana, 1966), 
Activity Major Operation Emission Source Important Pollutants 
Combustion Fuel burning 
Transportation 
Refuse burning 
Domestic burning, 
Thermal power 
plants 
Cars, trucks, 
aeroplanes 
railways 
Open burning 
S and oxides of 
Nitrogen 
Co, nitrogen oxides, 
Lead smoke, odours, 
organic vapours 
Fly ash 
Manufacturing Metallurgical 
Operations Plants 
Waste recovery 
Aluninium refineries. Metal fumes (Zn,Pb), 
steel plants fluorides,particulates 
Scrap metal 
yards, rendering 
plants 
Smoke, soot, odours, 
Organic vapours, 
metal fumes 
Agriculture Crop spraying 
Field burning 
Pest and weed 
control methods 
Burning of refuse, 
fire wood, dry 
cattle dung 
Organic phosphates. 
Chlorinated hydro-
carbons Pb, As. 
Smoke, fly ash, soot, 
Sulphur oxides 
particulate and 
organic vapours 
Solvent 
discharge 
Spray painting, 
solvent extraction 
inks 
Solvent cleaning 
Furniture and 
appliances 
finishing, dying, 
printing and 
chemical separations 
Dry cleaning, 
degreasing etc. 
Hydrocarbons and 
other organic 
vapours. 
Nuclear 
energy 
operations 
Fuel fabricating, 
spent fuel 
processing 
Nuclear device 
testting 
Gaseous diffusion Fluorides, Argon-41, 
Chemical separations lodine-131 
Bomb-explosions Radioactive fall out, 
Sr -90 Cs -137, C-14 
Hurfucc, tlicreby reducing tlic damage by acid rain. Adams and Hutchinson 
(1984) compared the ability of leaf surfaces to neutralize the acidic 
rain, using Artemisia tilesii, Spinacea oleracea and Phaseolus vulgaris 
as test materials. The pH of rain droplets, initially with pll 3.0, 3.5 and 
5.6, increased after contact with leaves of these species. However, 
for droplets of pll 2.5, the pH actually decreased with time on leaves 
as the droplets evaporated, despite the very large quantity of hydrogen 
ions being neutralized by the leaf surface. Such a neutralization of 
the acidic droplets was the maximum in _A. tilesii, wliich siiowcd the 
minimum foliar injury fronri the simulated acid rain. Plants arc increasingly 
used as environmental monitors to determine the levels and effects of 
various metallic and gaseous pollutants and organic contaminants (Anon, 
1986). Bioindicators can provide a direct method for estimating the 
risk that pollutants present to the biological components of the affected 
environment (Guderian, 1977). Some plants accumulate large amounts 
of sulphur without showing injury symptoms (Bytnerowicz et al., 1980). 
Thus the total sulphur concentration alone can be used as an indicator 
of sulphur dioxide stress. Trci ct al. (1984) experimented on GO [plants 
to examine the effects of the simulated acid rain at several pH levels. 
There was a negative effect on the growth rate of these plants. Such 
sensitive plants can be used as the bio-indicator of pollution. 
A national monitoring network for the biological effects of 
air pollutants has been established in the Netherlands (Posthumus, 1985). 
International programmes for monitoring networks for the biological effects 
of air pollution are also under consideration. In India, the National Environ-
mental Engineering Kesearch Institute ol' Nagpur, and the Uepai'liiienl 
of Environment in New Delhi are engaged in this task. 
The present study attempts to investigate the influence of the 
waste gases generated by a Thermal Power Plant complex, on the anatomy 
and growth pattern of certain annuals, growing wild in the vicinity. 
Because of growing wild in nature, the selected weeds show very little 
heterogenity, as compared to the cultivated plants, and exhibit a remarkable 
stability and purity. 
Major Air PoUutants : 
About 70% of the world power is derived mainly by coal burning, 
and power plants constitute the major source of air pollution. Most 
electric power plants which burn 2,000 tons of the low grade coal per 
day, emit about 400 tons of ashes and 120 tons of sulphurous gas every 
day (Aslunin and Blagosklonov, 1983). Boryllium enters the environment 
principally from coal combustion in thermal power plants (KubizKakov^, 1987). 
However, the major pollutants released due to coal burning are S0„, N0„, 
C0„ and coal ash. 
Sulphur dioxide (SO„) : 
Sulphur dioxide is readily soluble in plant cells (Ziegler 1972, 1974). 
Bleasdale (1952) attributed the toxic nature of S0„ to its reducing property. 
Shrinkage of palisade cells in the absence of chlorosis and necrosis most 
commonly occurs after a prolonged exposure to low concentrations of 
SO2 (Treshow, 1970). Destruction of chlorophyll is one of the first observable 
signs of SO„ pollution (Ruo und Lcblunc, 1966). When u number of cells 
iiave been plusmolysed, the affected tissues collapse and dry out, leaving 
a characteristic pattern of injury symptoms. The most pronounced symptoms 
of S0„ injury on needle leaved evergreens are the reddish-brown discolouration 
of leaves, shrini<age of tissues and early defoliation, which give the trees 
a thin and sparse foliage and a weak appearance with correspondingly 
reduced growth (Treshow, 1970). Katz (1952) found that injury occurs 
when S0„ accumulates faster than it can be assimilated. In a study 
of natural populations of jack pine (Pinus banksiana) and white pine 
{V_. strobus), chlorotic mottle and tip necrosis were found in all populations 
and one or both symptoms appeared in most trees. The juvenile trees 
showed the greatest injury. The mottle increased with an increase in 
ozone, and the tip necrosis with an increase in S0„ concentrations (Armentano 
and Menges, 1987; Dochinger and Seliskar, 1970). Basal needle necrosis 
of pines is characterised by necrotic lesions on the surface of needles 
within the needle sheath, with or without hypertrophy or needle splitting 
and resin exudation (Edmunds and Alstad, 1985). 
In grasses, an irregular necrotic streaking occurs on citlier side 
of the midrib. The tips may also be affected. However, chlorosis is 
not very pronounced. Little is known about the form of atmospheric 
sulphur that can be best absorbed and neutralized by plants. Seedlings 
of corn (Zea mays L.) were seen to absorb and accumulate sulphur from two 
major forms of the sulphurous pollutants and the sulphur containing acid rain 
(Simon, 1984). S0„ is rendered harmless after its absorption in certain 
plants by its oxidation to sulphate, and hence an acute injury is prevented. 
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This is one way of physiologicul tolerance in plants, by wliicli the absorbed 
gas can be rendered non-toxic (Thomas, 1951). 
Alfalfa is among the most sensitive and important broad leaved 
species to S0„ pollution. Irregular marginal and interveinal necrotic 
blotches, bleached white to brown, with chlorosis of the surrounding areas 
may be seen on leaves. The earliest necrosis develops as a pale brown 
colour, which intensifies, becoming dark brown to reddish brown. The 
broad-leaved trees and shrubs are generally more tolerant than conifers 
and continue to grow in areas where conifers have been killed due to 
pollution. Dactylis glomerate, Festuca rubra. Hole us lanatus, Loliuin 
perenne and Phleum bertolonii were screened for the tolerance for both 
the acute and the chronic SO„ injury (Ayazloo and Bell, 1981) and the 
tolerance was found to evolve within 17-25 years. 
Oxides of Nitrogen : 
Not only the coal burning but any combustion process which 
produces high temperatures in the presence of atmospheric nitrogen and 
oxygen, yields oxides of nitrogen in the form of NO and N0„ as its 
combustion products (Wellburn et al., 1976; Law and Mansfield, 1982; 
Ashenden, 1979). The hotter the flame, the greater would be the production 
of th^se oxides. At low concentrations NO and NO„ may interfere 
with physiological processes and reduce growth rate without producing 
easily identifiable physical damage (Capron and Mansfield, 1976). At 
high concentrations, foliar lesions can be caused by N0„ which are difficult 
to distinguish from those produced by SO2 (Hant and Stratmann, 1969). The 
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liigli concciitralioiis of NO,, (above 3-4 pp;ii ;iil 1 ) can cause acute injurious 
effect on plant leaves probably through the accumulation of nitrite (Kato 
et al., 1974). In a field study carried out in Italy, NO2 was found to 
cause necrotic stem lesions, defoliation, dieback and death of peach and 
black locust trees (Janone, 1954). 
Taylor and Eaton (1966) attempted to learn responses of plants 
to concentrations more likely to be encountered in the ambient atmospheres. 
At concenlratiofis of about 2 ppm for eight hours, tissue collapse and 
bleaching, especially of the leaf tips and marginal areas, developed in 
tobacco plants. 
Oxides of Carbon : 
Carbon dioxide and carbon monoxide are the by - products of 
the combustion of coal, oil and gasoline. Jung (1963) discussed the thermal 
environment and other catastrophic effects caused by the C0„ build 
up in the earth's atmosphere. There has been a steady increase in the 
atmospheric CO™ concentrations since around 1900. Prior to 1900, the 
COg concentration was about 290 ppm and the increase in CO until 
about 1960 was almost 40 ppm or nearly 14 per cent (for review, Robinson 
1968). Higher amounts of CO„ have ben considered to be beneficial 
to plants by a number of horticulturists. However, Brown and Escombe 
(1902) found that the plants growing under the raised CO„ concentration 
lost their leaves, aborted flowers and generally developed abnormally. 
Thomas (1955) reported that tomato plants treated with high concentrations 
of CO2 developed necrotic lesions on leaves. The plants took on a normal 
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liealthy uppearunce when iiormul conditions wei-c restored. Heath (1950) 
demonstrated that CO™ can cause stomatal closure, thus limiting the 
gaseous exciiange. This may raise the internal concentration of CO„ 
considerably and hence limit respiration. A reduction in stomatal aperture 
in response to enhanced C0„ concentration was noted by Meidner and 
Mansfield (1968), Majernik and Mansfield (1972), Srivastava et al. (1975) 
and Black (1982). 
Dust and Coal Ash : 
Large amounts of dust are emitted into the atmosphere by the 
thermal electric plants and combustions processes using low grade coal. 
Particles of dust themselves are harmless, and chemically inert, but they 
pose a threat to plants when they are present in amounts, enormous 
enough to plug stomata and smother leaves by preventing gas exchange, 
leading to a reduced photosynthesis and finally to necrosis in leaves. Fly 
ash, a common product of coal-combustion, contains several elements 
such as carbon, silica, alumina, arsenic, beryllium, cadmium, vanadium 
etc . , wiiicii are considered to be dangerous for plants. Those loaves 
that are covered thickly with fly ash show a reduction in the amount 
of chlorophyll pigments, and this may be attributed to the increased 
foliar temperatures which retard chlorophyll synthesis (Mark, 1963). 
Chlorophyll destruction and foliar necrosis in the coal-dust affected mango 
and lemon plants were observed by Rao (1971). 
13 
Visible Responses of Plants to Air PoUution : 
The gaseous air pollutants enter the plant through stomata 
on leaves ( Majernik and Mansfield, 1970 ), and pass through the intercellular 
spaces of mesophyll, causing necrosis, chlorosis, curling and stippling 
(Costonis, 1971; Crittenden and Read, 1978; Chaphekar and Karabhari, 
1974; IlJenert and Henderson, 1980). The pollutants such as sulphur 
dioxide are absorbed on the wet cell walls ( Thomas et al., 1950 ). Thus, 
the factors controlling injury to leaves may include anatomical difrer'oiicos 
such as the amount of air space between the mesophyll cells ( Jacobson 
and Hill, 1970 ). Some plants accumulate the large amounts of pollutants 
without showing injury symptoms ( Bytnerowicz et al., 1980 ). However, 
"plants are increasingly being used to determine the levels and effects 
of metal pollutants such as lead and zinc, organic contaminants such 
as PCBs, oil, DDT and other pesticides, gaseous pollutants sucfi as sulphur 
dioxide and fluorides and radioactive nuclides", says Prof. Peter Pererson, 
Director of the iVIonitoring and Assessment Research Centre (MARC) 
in London { Anon, 1986 ). Accumulation of sulphur has been taken 
to be an indicator of the sulphur dioxide stress in air pollution studies 
( Guderian, 1977 ), The vegetative and generative organs of Quercus 
rober accumulate largee amounts of sulphur and fluoritie, proving llicm 
as sensitive and utilizable indicators for monitoring the pollution due 
to these pollutants ( Ostrolucka et al., 1986 ). High concentrations 
of NO2 ( above 3-4 ppm /J1 1 ) can cause acute injurious effect on 
plant leaves, probably through the accumulation of nitrite ( Kato et 
al., 1974 ). 
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The response of plants to pollutants is known to differ witli season 
(Davies, 1980). Interactions between frost injury and sulphur dioxide pollu-
tions were observed in Loliutn percnne, tlie rye grass (Baker et a I., 1982; 
Davison and Bailey, 1982). Effects of sulphur dioxide were more severe 
in winter because S0„ decreases the freezing resistance of Lolium perenne 
(Davison and Bailey, 1982). At high temperatures, water stress can cause 
partial closure of stomata, so that the ingress of pollutants to leaves is 
reduced, resulting in a lessened sensitvity (Tingey and Ilogsett, 1985). Plants 
of Larrea tridentata exposed to SO„ in the spring, exhibited a considerable 
leaf injury (necrosis and defoliation), when the concentration of S0„ was 
2.0 /il 1 . In the autumn, it had a leaf injury when exposed to S0„ con-
contrations greater than 0.4 /J1 1 , (Olszyk et al., 1987). The leaf injury 
consisted of brown necroti c areas, but the extent of the injury was not 
quantified. 
Studies have shown that hillsides facing the emission zone and 
hilltops surrounding the emission areas get a substantially larger deposition 
than the corresponding flat land (Dollard et al., 1983; Fowler et al., 1985). 
Ozone, one of the most important air pollutants causing injury to plants, 
increases in the air, with increase in elevation. The foliar injury by 
ozone on sensitive trees was found to be greater at high elevations (Skclly 
et al., 1983). In field, the ozone injury on Arachis hypogea (peanut) was 
observed to consist of foliar bronzing followed by an extensive chlorosis 
(Ensing et al., 1985). 
Both expanding leaves and expanded leaves absorb simiilar amounts 
of pollutants per unit area, yet the expanding leaves exhibit a much less 
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injury than the expanded leaves (Bressan et al., 1978). Old and mature 
leaves are more sensitive to SO™ and NO, pollution (Barret and Benedict, 
1970; Stern et al., 1973; Elkiey and Ormrod, 1979). 
Brandt and Heck (1968) categorised injuries caused by air pollutants 
as : 
1) Leaf tissue collapse with necrotic lesions 
2) Chlorosis or other colour changes 
3) Growth alterations 
These injury patterns may characterise a pnrticuhir pollutant, 
but the pattern is by no means always specific for the agent. Many other 
factors such as disease, insects and nutrition can produce leaf injury patterns 
very similar to those produced by air pollution. The secondary effects 
of air pollution may also set in. The pollution enhances the pest potential 
of aphids (Dohmen, 1985). Rose bushes (Rose sp. cv. Nina Weibull) fumigated 
with the ambipnt Munich air and the charcoal filtered air were infected 
with the aphid Macrosiphon rosae nymphs. The mean relative growth 
rate of aphids feeding on roses in the ambient air was about 20% higher 
than that of aphids feeding in the filtered atmosphere (Dohmen, 1985). 
1) Leaf tissue collapse with necrote patterns : 
Leaf-tissue collapse is one of the most common effects of nir 
pollutants. The leaf cells get plasmolysed and later collapse (Thomson 
et al., 1965). Acute necrotic lesions occur when cells are killed. The 
cells accumulate toxic agents and lose their capacity to retain water. 
The cell sap diffuses through the intercellular spaces, giving the area 
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a water-soaked, dull, grcy-greeii appeuraiicc. The flaccid area dies out, 
leaving behind the necrotic zones extending through the leaf. The initial 
plasmolysis, resulting into changes in water relations and finally into changes 
in structural integrity, may occur in the spongy cells as in the case of 
a peroxyacetyl nitrate (PAN) injury (Glater et al., 1962), or in the palisade 
cells as in the case of an ozone injury (Bobrov, 1952), or in the entire 
leaf as in the case of fluorides, and often of sulphur oxides (Thomas, 
1951). 
Burning of leaves under the impact of environmental pollution 
is quite common (Amani, 1982). Under heavy concentration of pollutants, 
when the sky is overcast, the relative humidity high and rain abundant, 
the water-soaked or bleached areas on the leaf surface become dry, giving 
as impression of being burnt. Burning is casually present along the margin 
and often on either side of the midrib or at the tip of leaves. 
2) Chlorosis and other colour patterns : 
Chlorosis can sometimes have a characteristics appearance which 
can help to detect the causal agency. Air pollutants can affect adversely 
the chloroplasts of leaf (Wellburn et al., 1972; Malhotra, 1976). The reduction 
in chlorophyll pigments in the leaves thickly covered with fly ash may 
be attributed to increased foliar temperatures whicli retard chlorophyll 
synthesis (Mark, 1963). Coal-dust pollution may also cause chlorophyll 
destruction as observed in mango and lemon (Rao, 1971). Chlorosis may 
appear as flecks at the leaf tips, extending gradually from the upper margin 
to lower side margins. The chlorotic areas may have different colours. 
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iirown colouration may arise as a result ol' liuoride pollution; silvering 
or bronzing of the abaxial leaf surface may occur due to PAN injury 
(Gaiter et al., 1962; Thomson et al. 1965). Light grey flecks on the adaxial 
leaf surface were observed in Achyranthes aspcra, Calotropis proccra und 
Xanthium strumarium by Amani (1982). In pines, chlorotic mottling and 
tip necrosis of needles may be the result of air pollution (Jacobson and 
Hill, 1970). Acute symptoms of tip necrosis and chronic symptoms of 
yellowing and mottling were observed as a result of fluoride injury on 
leaves of rice seedlings, grown in the ceramic and brick industrial areas 
of Taiwan (Sun and Su, 1985). Leaf bronzing was the predominant symptom 
on peanut leaves because of ozone injury (Ensing et al., 1986). 
3) Growth Alterations : 
Air pollutants may also cause such abnormalities as twisting, 
mottling, elongation, crinkling on both leaves and stems and epinasty, 
drooping and abscission of leaves. Slow plant growth, early leaf loss, 
smaller fruits and an overall stunted appearance of plant due to air pollution 
are well on record (Amani, 1982; Ciliousc and Khan, 1983, 1984; Khnii 
and Khair, 1984, 1985). Coal-smoke pollutants were noted to cause a 
decrease in plant height, stem diameter, leaf and floral bud formation, 
and an increase in flower fall leading to a reduced fruit production in 
Abelmoschus esculentus (Gupta and Ghouse, 1987). Ozone reduced the 
growth of both roots and shoots of peanut plant (Arachis hypogea), though 
roots grew better than siioots (Ileagle et al., 1983). S0„ reduces leaf 
dry weight and leaf expansion (Ashenden, 1978). Changes in water relations, 
increased respiration and a subnormal growtii with early leaf senescence 
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have been observed experimentally (Koritz and Went, 1953; Menser et al., 
1966; Taylor and Eaton, 1966; Rao, 1972; Lai and Ambusht, 1980). Respiration 
rate and enzyme catalase activity of leaves also decline (Borka, 1980). 
At low concentrations, NO and NO„ may interfere with the physiological 
processes and reduce growth rate without producing any easily identifiable 
physical damage (Capron and Mansfield, 1976). 
Growth behaviour of Phaseolus radiatus L. was studied under the 
influence of distillary waste effluents that were highly acidic and contained 
high amounts of calcium, chloride, bicarbonate, nitrogen and dissolved solids. 
It was noticed that the percentage of germination and speed of germination 
decreased with increasing effluent concentrations (Sahai et al., 1985). 
Positive Effects of Air Pollution on Plants : 
Air pollutants have proved to be beneficial for plant growth in 
some cases. Lime stone quarries in the South West Virginia seem to have 
favoured the growth of Cornus florida, Ostrya virginiana. Viburnum prunifolium 
and Cercis canadensis (Brandt and Rhoades, 1972). Acer saccharum also 
grew in abundance in the vicinity of a dusty limestone site. Westman 
(1974) found an enhanced growth of spruce seedlings near a sulphite source, 
and concluded that pollutants such as calcium and nitrogen were responsible 
for stimulating growth. Cassia occidcntaiis showed u luxuriant growth 
near a thermal power plant complex and comparatively gained in their 
net productivity (Ariiani ct al., 1979). At concentrations below the toxic 
level, sulphur (S) in the air is apparently beneficial to plants. S plays 
an important role in the synthesis of protein and chlorophyll in plants. 
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Trud ilioiiully S wus upplicd lo plants in lonn ol' ('ei-lili/,t'i-.s, IMU SJIKH- llie 
1950's, fertilizers with reduced S contents have come into widosprcnd use. 
Plants have apparently compensated by increasing their intake of S0„ and 
H2S from the air (Maugh 1979). 
Fly ash increases vigour of some fodder crops by providing such 
elements as boron, selenium and zinc to the plants. A judicious use of 
fly ash in soil can favour crops (Fulekar et al., 1982). Whitmore and 
Mansfield (1983) found that certain grasses, when treated with SO„ and 
SO„ + NO„, led to an increase in leafiness, with a positive effect on 
leaf area and leaf weight. 
It was reported by Iqbal (1984) that growth of certain species 
(Holcus lanatus, Agrostis tenius, Festuca rubra and Bromus mollis), particularly 
shoot dry weight, was significantly enhanced probably due to high concen-
trations of sulphur, nitrogen and other cations in the polluted atmosphere 
in which the plants grew. 
MATERIAL & METHODS 
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MATI'RIAL AND METHODS 
The Pollution Source : 
The Thermal Power Plant Complex of Kasimpur was selected as 
source of pollution (Site B) in the present work. This, one of the three 
major complexes in Uttar Pradesh, India, is situated in the Kasimpur town 
of Aligarh district, along the banl<s of the Upper Ganges Canal, running 
from the North-West to South-East direction. The complex consists of 
three power stations, namely 'A', 'B' and ' C CC ' and 'C„'), with a capacity 
of 90 MW, 210 MW and 230 MW electricity generation, respectively. 
The whole complex runs on the bituminous coal, containing chiefly 
about 3% moisture, 22% ash 5% nitrogen, 20% oxygen and 42% fixed carbon 
on an average. Table 3 gives an account of the chemical composition 
of the coal transported to the Kasimpur Thermal Power Plant Complex 
from various collieries of North India. 
Table 4 presents data on the monthly consumption of coal at 
the three power stations of the complex. The total annual coal consumption 
in all the power plants comes to be about 1,165,070 metric tons. The 
maximum coal is consumed in winter, which is followed by the monsoon 
and summer seasons. 
These huge amounts of coal, when subjected to a high temperature 
{1200°C - 1400°C) for combustion, produce noxious gases, particulate matters 
and ash, which are released into the atmosphere through the chimneys. 
Table 5 shows the amount of the noxious gases such as SO„, N0„ and C0„ 
21 
e 
s: 
w 
w 
w 
3 
O 
O 
CO 
c 
to 
0) 
a; 
o 
V 
c 
a 
- t- j 
c^ 
O 
E 
e 
o 
(/I 
e 
o 
"U 
0) 
+-< 
o 
"o 
"cO 
o 
Suiujny 
IBOO JO -duiax 
E 
cd 
0) c o 
S o 
o 
E 
x; 
O 
M 
_« S 
^ 
o 
CL, 
aniBA 
oij i joieo 
uoSAxo % 
uaaoJjiH % 
uaSojpAH % 
jnqdins % 
(aouajajjiQ Aq) 
uoqjBO paxij % 
SJa))e]Ai 
aiRBloA % 
MSV % 
ajnjsioi/M % 
cd o 
o 
o 
•^ 
c-
T-~ 
t~ 
i n 
l O 
C3 
(Nl 
O 
r— 
i n 
-r 
l O 
CO 
CO 
c:: 
CSl 
r f 
•^ 
(M 
^~~ CO 
c^ 
Cvl 
C^ 
C3 
CC 
C 
CC 
'O' 
CO 
CQ 
o 
o 
^ 
0 0 
CO 
0 0 
0 0 
LO 
l O 
C3 
C<l 
<=> 
LO 
l O 
OS 
OJ 
CD 
en 
i n 
C3 
0 0 
o^ 
CO 
o 
^ CO 
t -
c^ 
c~a 
0 0 
c4 
JC 
•p 
a> CQ 
o 
o 
•rf 
o 
<X) 
o 0 3 
i n 
c^ 
CO 
o (>1 
CO 
^-
i n 
CSI 
i n 
i n 
CO 
o 
o 
CO 
^ 
<M 
T— 
CO 
CO 
oj 
r— 
0 0 
LO 
E 
CO 
Q) 
S-, 
-M 
C 
o O 
o 
o 
• * 
to 
1 — 
T— 
CO 
i n 
CO 
0 0 
CJ) 
CO 
<y> 
"^ 
T 
J— 
i n 
CO 
i n 
o 
T— 
CO 
•^ 
CO 
o CO 
CO 
o 
<M 
,_ 
cs 
CO 
£-< 
CO 
JZ 
-!-> 
CO 
tij 
o 
o 
"* 
-* 
0 0 
0 0 
<y> 
m 
o 
'* 
o (NI 
CO 
• < ^ 
i n 
-^ 
t -
i n 
i n 
i n 
o 
•rf 
j-1 
•^ 
CO 
<N1 
CO 
CSl 
c^ 
c q 
C3 
CO 
• - H 
C 
CO 
sz •l-> 
0) 
s 
o 
0 0 
(M 
c-
^' 
"^  i n 
i n 
i n 
CD 
Oi 
r— 
CO 
(M 
i n 
•^ 
i n 
CO 
i n 
o 
cs 
o 
' 3 ' 
• ^ 
r— 
CO 
i n 
C<1 
0 0 
C<1 
sz 
•B 1—1 
£ 
o 
CO 
CO 
CO 
CO 
c^ 
c~ i n 
o 
CO 
C3 
oo 
CO 
c-q 
i n 
o 
CO 
i n 
0 0 
"^  
o 
i n 
C<l 
"^  
0 0 
r— 
CO 
cs 
c^ 
(>q 
CTJ 
C^3 
a; bo CO 
t^ 
0) 
> 
< 
22 
-1 -1 
in kg hr and ppm iir released from the source in different months and 
seasons. 
The Reference Site : 
The University campus at Aligarh, 16 km away from the source 
of pollution, was chosen as the reference site (site A) for the plants collected 
from the polluted site. This is an almost pollution free area, with light 
traffic and a little domestic fuel burning being the only sources of pollution. 
Geographical Set-up : 
Aligarh district lies in the North-West of Uttar Pradesh in the 
agricultural fertile land of Ganga-Jamuna Doab, between 27°29' N and 28°11' N 
latitude and 77°29' E and TS^SS' E latitude (Fig. 1). 
Topographical Set-up : 
Both sites (A and B) selected for the study have a similar soil 
structure. The soil is loam and clay loam type, having a high pll value 
and very poor drainage system (Table 6). Location of sites A and B is 
shown on the layout plan (Fig. 2). 
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Tabic 4 : Coul consumption ligui-c in Uic 'I'licrniul Power Plant Complex in 
Metric Tons (An average of three years data) . 
IVIoiiliis A 
POWF.R STATIONS Totfil inoiillily 
consumplion 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
34,578 
26,558 
20,083 
23,735 
20,196 
32,095 
28,819 
28,882 
25,866 
21,405 
18,974 
28,276 
47,632 
45,303 
58,085 
50,282 
34,611 
35,428 
38,582 
44,876 
39,861 
49,356 
44,301 
32,064 
2,204 
5^682 
22,10!) 
21,142 
29,775 
5,475 
2,759 
2,629 
9,658 
2,697 
5,865 
9,658 
16,570 
20,563 
14,790 
19,778 
21,948 
10,429 
6,208 
19,429 
22,652 
18,026 
19,856 
18,149 
100,984 
98,106 
122,;(27 
144,937 
106,530 
83,427 
76,368 
95,816 
97,947 
91,484 
88,996 
88,147 
Total in winter 
(November-March) 
Monthly average 
( Winter ) 
Winter daily average 
131,750.00 236,513.00 80,972.00 76,654.00 525,889.00 
26,350.00 
872.52 
47,302.60 
1,566.31 
16,194.40 
536.24 
15,330.80 105,177.80 
507.64 3,482.71 
Total in summer 
(April - June) 
89,796.00 118,886.00 10,863.00 54,575.00 274,120.00 
Summer monthly average 29,932.00 39,628.70 3,621.00 
Summer daily average 986.77 1,306.44 119.37 
18,191.70 91,373.40 
599.73 3,012.31 
94,521.00 165,582.00 27,878.00 77,079.00 365.000.00 Total in Monsoon 
(July - October) 
Monsoon monthly average 23,630.30 41,395.50 
Monsoon daily average 768.46 1,346.20 
6,969.50 19,269.80 91,265.00 
226.65 226.66 2,967.97 
Annual consumption 
Average monthly 
consumption 
Average daily 
consumption 
316,067.00 
20,338.92 
520,981.00 
43,415.08 
865.94 1,427.35 
119,713.00 208,308.00 1,165,069.00 
9,776.08 17,359.00 97,089.08 
327,28 570.71 3,191.97 
Source : courtsey of AEE, Thermal Power Plant Complex of Kasimpur (only 
monthly data): seasonal figures reproduced from the above data. 
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Table 6 Classification of traits of the Kasimpur Soil (Aligarh type soil) 
Classification 
Soil Type 
Aligarh loam 
Aligarh clay 
loam 
Aligarh Clay 
Soil Phase 
Aligarh loam 
(Halomorphic) 
Characteristics 
Profile development 
Colour 
Concentrat ion 
Sequoxides 
(Ca + Mg : AL) 
Lime 
Soluble salts 
Magnesia 
pH 
Clay 
Drainage 
Mature 
Ash grey-dark 
grey to black 
Kankar 
High, more 
alluviation 
High, more at 
bottom 
High 
Less than lime 
7.6 to 8.6 or 
above 
No migration, 
max. at surface 
Very poor 
Source Agricultural Directorate (Soil Survey & Researcli), Aligarli. 
Loam and clay loam form the 2.0 to 6.0 meters deep upper layer 
of the soil. The amount of clay is the maximum in the upper layers 
and decreases downwards. The soil in this region is ash grey in colour 
when dry, and black when moist. 
Meteorolt^y 
The area of the selected sites experiences a dry and tropical-
monsoon type of climate, characterised by the seasonal north-east to 
2(i 
south-west monsoon. The cold weather season (Winter : mid October to mid 
March), hot weather season (Summer: mid March to mid June) and rainy 
season (Monsoon: mid June to mid October) are the three major seasons 
of a year. 
Mid October is marked by the south-west monsoons that decHne 
gradual ly and ceaso by the end of November, Kasimpur comes under 
the inf luence of a high pressure bel t which develops over the plains due 
to low temperatures. In t l i is season, n re la t ive ly low pressure exists 
over the Indian seas, thereby causing the winds to blow f rom the plains 
toward the seas. 
Winter commences w i th a fa l l in temperature. The mean maximum 
temperature varies f rom 29.4°C (in November) to 21.6''C (in December) 
and the mean min imum temperature f rom 13.1°C (in November) to fi.yc 
(in December). In January, the mean maximum and min imum temperatures 
are 21°C and 7°C, respect ively. During the months of winter , nigiits 
are very co ld, days comparat ive ly warmer, and mornings qui te foggy. 
Dry winds of cont inenta l or ig in are very l ight and blow predominant ly 
f rom west and nor th west to south and south-east dur ing this season, 
general ly at an average speed of 7 km hr around Kasimpur. Occasionally, 
the f ine weather is in ter rupted by ra in showers. The ra in fa l l is smal l , 
i r regular and sporadic. The t o t a l ra in fa l l dur ing December, January and 
February is 55.6 mm. The temperature increases s l ight ly la te in February. 
The seasonal var ia t ion of temperature , ra in fa l l and re la t ive humidi ty 
dur ing d i f fe ren t months of the year 1986 is presented in Figs. 3, 4 and 5. 
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Vegetation : 
The adjoining areas around the Kasimpur Thermal Power Plant 
complex were surveyed for their grassland vegetation (Khan, 1982; Gupta, 
1981; Amani, 1982; Khan, 1985) in different seasons. The grassland coniinu-
nity was found to be continuous with occasional breaks due to the frequent 
occurrence of bushes and trees in between. The components of the 
community were found to be changing with season, although they remained 
uniform in the respective seasons. The following are the common winter 
weeds of this region : 
Family Species 
Acanthaceae 
Amaranthaceae 
Caryophyllaceae 
Chenopodiaceae 
Compositeae 
Justicia simplex D. Don 
Peristrophe bicalyculata ( Retz. ) Nees 
Rungia pectinata (L.) Nees 
Gomphrena celosioides Mart. Beitr. 
Amaranthus viridis L. 
Silcne coiioidca L. 
Spergula arvensis L. 
Stillaria media (L.) Will. 
Chenopodium album L. 
Chenopodium ambrosioides L. 
Chenopodium murale L. 
Eclipta prostrata (L.) L. Mant. 
Tridax procumbens L. 
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Family 
Crucifereae 
Euphorbiaceae 
Fumariaceae 
Geraniaceae 
Malvaceae 
Nyctaginaceae 
Papaveraceae 
Papilionaceae 
Polygonaceae 
Portulacaceae 
Primulaceae 
Species 
Cornopus didymus (L.) Smith 
Croton bonplandianum L., Baill. 
Euphorbia dracunculoides Lam. 
Euphorbia hirta L. 
Euphorbia thymifolia L. 
Fumaria indica (Uaussk) Pugsley 
Oxalis corniculata L. 
Abutilon indicum (L.) Sweet. 
Side grewioidcs Guill. and Perr. 
Malvestrum coronX)ndelianum (L.) Garche 
Boerhavia diffusa L. 
Argemone mexicana L. 
Uesmodiuiii triflofuiii (L.) UC 
Indigofera hochstetteri Baker 
Melilotus indicus (L.) All. 
Lathyrus aphaca L. 
Polygonum glabrum Willd. 
Polygonum plebejum R. Br. 
Portulaca quadrifida L. Mant. 
Anagallis arvensis L. 
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Family Species 
Scrophulariaceae Veronica agrestis L. 
Veronica oiiugallis L. 
Solanaceae Solanum nigrum L. 
Solanum surattense Burm.F. 
Verbenaceae Phyla nodiflora (L.) Greehe. 
Selection of Plant Species : 
Amaranthus viridis L. (Amarantiiaceae) and Euphorbia hirta L. 
(Euphorbiaceae) were selected for the present study. Seeds of these 
weeds were collected from the natural populations of the plants growing 
around the botanical garden of the Aligarh Muslim University, located 
about 16 km cross-wind direction from tthe selected source of pollution. 
The seeds so collected, were broad-cast at the cleaned selected sites 
in an area of 8 x 5 meters, and a population was raised to study ns 
reference material. Both the annuals were collected periodically from 
both the sites (A & B) at three stages of plant development, namely, 
(I) Young stage (a stage between seedling and middle phases), (II) Middle 
stage (a stage of vegetative growth) and (III) Old stage (the stage of 
flowering and fruiting ). 
Description of the Plants Chosen : 
Botanical name : Amaranthus viridis 
Synonym : A_. gracillis Desf. 
English name : Wild amaranth,wild blite,green amaranth,green pigweed 
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Botanical Characters : 
A glabrous annual herb with long slender, unarmed stem, slightly 
pink in colour; leaves entire, ovate, emarginate at tip; leaf axils without 
spines; inflorescence slender, spike-like raceme; flowers pale green, unisexual, 
trimerous; tepals 3; ovary single-seeded; seeds black. 
Distribution : 
Probably originated in America, it is widespread in the tropical 
world and is found as a weed in waste places throughout India. Under 
cultivation, this plant becomes more succulent and intolerant to heavy 
shade [ Chopra et al., 1980; Anonymous, 1985]. 
Growth Period : 
The plant most frequently appears during the rainy and cold 
seasons in India. Flowering occurs during August and fruiting during 
November. 
Medicinal Value : Amaranth plants are supposed to be good for cattle 
fodder. Ash of the plant is use in soap making. In some regions it 
is used as a febrifuge, and is reputed for anthelmintic properties. In 
Brazil, infusion of the plant is used as a diuretic and galectogogue. 
Maceration of the whole plant is locally given as an antidote against 
snake and scorpion poisoning. Leaves are applied as poultice to influiiirnutions 
boils and abscesses. It is also applied on scorpion sting. Young shoots 
and leaves are eaten by the natives in India as a vegetable. It tastes like 
spinach when boiled ( Anonymous, 1985 ). 
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Botanical name : Eupl^orbia hirta L. 
Synonym : jE. pilulifera auct. non. L. 
English name : Asthma herb, snake weed. 
Botanical Characters : IZrect or ascending annual lierb, stems yellow-
green or reddish brown cylindrical with bristly yellow hair; leaves dark 
green above, paler beneath, obovntc-lanccolate, acute, dentate, op[)ositc; 
inflorescence cyathia; flowers white-rose in colour, very small, numerous, 
crowded on 1 cm diameter globose cymes in the axils of leaves; fruits 
yellow capsule; seeds three per fruit. 
Distribution : Found throughout the hotter parts of India, from Punjab 
eastwards and southwards to Sri Lanka and Singapore. Introduced and 
naturalised in most tropical and sub-tropical countries, the plant can 
be grown in sandy loams in most tropical and warm temperate regions 
(Stuart, 1979; Anonymous, 1952). 
Growth period : It grows mostly in summer and rainy seasons, occasionally 
in winter. Flowering starts in July, and fruiting in November. 
Medicinal Value : 
Chiefly used in infections during childhood, in worms, bowel 
complaints and cough, the plant acts as a depressant on heart and respiration 
and relaxes bronchioles. In Australia it is used especially in coughs, 
chronic bronchitis and other pulmonary disorders. Sometimes it is also 
prescribed in gonorrhoea, Nigerians used the herb for curing constipation 
and in the treatment of dysentry. Some claim it to be a good treatment 
of asthma. Decoction of the plant is used for curing liay-fever and 
caterrh of head, and for acute enteritis.. Tincture of the plant is considered 
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considered to be useful as u vermiluge. 11 is ulso used us gargle oi' 
poultice. Its alcoholic extract had anticancer action against Friend leukaemia 
virus in mice. Hypoglycaemic, antiprotozoal, antibacterial and insecticidal 
actions have also been noted. 11ie herb is a mild stimulant and narcotic, 
its large doses cause gastro-intestinal irritation, nausea and vomiting. 
The latex produced by the plant is applied to remove warts, 
and in some regions of the world, it is squeezed into eyes to cure eye 
troubles. 
Root is given to allay vomiting. Leaves are eaten as vegetables 
and also thought to be anti-syphilitics in India. [Stuart 1979; Nadkarni 1976; 
Anonymous 1952, 1976, 1987; Duke 1986]. 
Parameters Studied : 
The following phytoparameters were studied to work out the 
response of the selected winter weeds to air pollution caused by the 
Thermal Power Plant Complex : 
1) Root length (cm) 
2) Shoot length (cm) 
3) Number of branches plant 
4) Number of leaves plant 
5) Petiole length (cm) 
6) Total leaf area plant (cm ) 
7) Fresh and dry weights of leaves plant (mg (5c g) 
8) Fresh and dry weights of shoot plant (mg & g) 
9) Fresh and dry weights of root plant (mg & g) 
10) Fibre length (jum) 
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11) Fibre width ( jjm ) 
12) Vessel length (/jm ) 
13) Vessel width ( jam ) (radial and tangential in roots and shoots; 
vertical und horizontal in leaves and petioles). 
14) Frequency of vessel elements in shoot and root 
15) Relative proportion ol' tissues in stem in the tliird intci-nodc 
2 
from the base and in the third internode from the apex (mm ). 
2 
16) Relative proportion of tissues in root (mm ). 
2 
17) Relative proportion of tissues in petioles (mm ) (young and old). 
18) Relative proportion of tissues in the tip and middle portions of 
2 
young and old leaves (mm ). 
Methods Adopted : 
The lengths of root and shoot were measured in centimeters. 
The shoot length extended from the ground level (including the hypocotyl) 
to the ultimate tip of the main shoot axis. The tap root length was 
measured from the ground to ttic root tip. 
The fully opened leaves on each plant were counted. 
Ten petioles plant of the randomly selected leaves (i.e. old 
and young) were measured in centimeters. 
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The outlines of the randomly selected ten leaves were drawn on 
tracing paper sheets and the leaf area was measured on a graph paper. 
The average area of a single leaf was multiplied by the total number 
of leaves per individual in order to obtain the total green area of leaf 
2 , .-1 in cm plant . 
The fresh and dry weights of individual plants were taken straight 
after collection from the field. Fresh weight of leaves, shoots and roots 
water taken simultaneously, before the plants were preserved. 
FAA (Ethyl alcohol 95% Glacial acetic acid. Formaldehyde 37-
40%, water) was used as a killing and fixing agent. This fluid is stable 
and has a good hardening action. It is suitable for preserving soft herbaceous 
plant parts. 
The soft plant material such as shoot apices, petioles, leaves, 
stem and root pieces wore embedded in paraffin wax before socUoiiiny. 
For this purpose, dehydration of the preserved plant material was done 
by passing it through a series of increasing concentration of tertiary 
butyl alcohol. Infilteration of paraffin into tissues was carried out by 
dissolving the paraffin in the solvent (tertiary butyl alcohol) containing 
the plant material, and gradually increasing the concentration of paraffin 
and decreasing tfiat of tlie solvent. In the end, only pure paraffin wax 
was infiltered into the material and together they were cast into moulds. 
Blocks containing pieces of plant material were cut out of tiie cast and 
trimmed. These blocks were fastened to mounting blocks which were 
clamped to a rotary microtome for sectioning. Twelve micrai thick transverse 
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serial sections of the stem, root, petioles and leaves were obtained, and 
the wax ribbons containing the serial sections were glued on slides. 
Dewaxing and Staining : Paraffin from the sections affixed to slides 
was removed by dissolving in a series of alchol and then stained by safruniti-
fast green stains using horizontal and vertical coplin jars. Permanent 
slides were thus obtained for microscopic studies. Camera lucida drawings 
of different component tissues visible in the sections were tnadc from 
these slides, and the relative proportions of the various tissues and tissue 
systems were calculated with the help of graph paper. 
The frequency of vessels in various organs was determined from 
these sections. 
Maceration Technique : Thin slices of shoot and root were boiled in 
60% HNO„ and then washed in NaOll solution to neutralize tiie acid, 
following the method described by Ghouse and Yunus (1972). Finally 
the softened tissues were washed with tap water thoroughly and stained 
wih safranin. The material was teased and tapped on glass slides and 
mounted in 5% glycerol to study fibres and vessel elements in maceration. 
Statistical Analysis : 
The data collected on the two species for different aspects of 
the investigation were statistically analysed for calculating the per cent 
variation and significance value by the following formulae : 
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Mean (X) 
The arithmetic mean, simple mean or the so called average 
value was computed by taking the sum of a number of values (x ., \^, x^ ... 
and so on) (^ ), and then dividing it by the total number of observations (N) 
involved; thus, 
X = N °^ ^ = N -
wliere x = Simple mean, 
X., x„, x„ X = observations 
N = number of observations 
Standard Deviation (ff^ or S.D.) 
Standard deviation was utilized in determining the statistical 
significance of the values obtained and it was calculated by the following 
formula for each parameter of the study : 
S.D. for large samples : 
S.D. = ± 
(x - x^) + (x - X2) + (x - Xg) . . . (x - x^ )^ 
N 
S.D. for small samples : 
S.D. = ± 
(x - x^) + (x - X2) + (x - Xg) + . . . (x - x^) 
(N-1) 
where x = Mean of the observations involved 
X., x„, x„ . . . = Observations 
N = Number of observations 
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Per cent Variation (P.V.) : 
The difference between the arithmetic mean of two sets of 
values, multiplied by hundred and divided by the arithmetic mean of 
the first set of values gave the per cent variation as follows : 
P.V. = ^^ ~_}'^ X 100 
Cx 
where Cx = Arithmetic mean of one set of values 
Px = Arithmetic mean of the other set of values. 
Test of Significance : 
This is a device to find out whether two observed means of 
values differ significantly from each other, or this difference is merely 
a result of chance influence. A test of significance is a device, a criterion 
to arrive at a judgement with confidence about the validity of a result. 
Students t-test or t-test : 
This test was applied in the present study to test significance 
of the difference between two sample means. 
The following formula was used to compute t-values which 
were compared with the table values of ' t ' at their particular degrees 
of freedom. If the calculated t-value exceeded the table t-value, the 
difference between the two samples was significant, otherwise the difference 
was attributable to chance factors. 
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Difference of two sample means 
Standard error of the difference 
^1 ^2 
or t = 
(SD^)^ + (SD2)^ 
-I " l "2 
where x . = Arithmetic mean of one sample 
x„ = Arithmetic mean of other sample 
SD. = Standard deviation of one sample 
SDn = Standard deviation of the other sample 
n^ = Number of observations of one sample 
n„ = Number of observation of the other sample 
Degree of Freedom (D.F.) : 
The degree of freedom, to be applied to number of data, in 
t-test was calculated as : 
D.F. = n^ X n2 - 2 
where n. = Number of observations on one sample 
n^ = Number of observations on the other sample 
OBSERVATIONS 
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AMARANTH US VllUDlS 
SYMPTOMATOLOGY : 
In the present study, Amaranthus viridis plants, growing at tlie 
polluted site showed the following patterns of injury : 
In the first stage of plant growth, defoliation was observed 
at three basal nodes of stem axis. The young leaves showed chlorosis 
on entire leaf surface. Necrotic spots appeared in the iiitcrcostui regions 
and at tlie tip; the dry tip portion often withered and fell off. In old 
leaves, necrosis occurred on leaf tip and midrib regions (Plate 1), At 
the second collection stage, necrotic spots were observed in the intercostal 
regions of young leaves. The necrosis was very severe at tips. Old 
leaves also experienced a severe necrosis in the basal and tip regions. 
Dry portions usually dropped off giving the leaf a shredded appearance 
(Plate 2). At the third collection stage, some of the young leaves looi<ed 
deformed and showed chlorosis on the abaxial surface. The old leaves 
had a heavy chlorosis on both the abaxial and adaxial surfaces, in the 
intercostal regions. Necrotic flecks were evident in the intercostal regions 
(Plates 3 and 4). 
Root Growth : 
The data summerized in Table 7 show the extent of length, 
and of the fresh and dry weights of root of. Amaranthus viridis, together 
with the per cent variation between the populations collected from the 
normal (A) and polluted (B) sites at three growth stages. Root length 
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and root weight were significantly greater at site 'B', located in the 
vicinity of the pollution source, in the first stage of growth. However, 
in the second and third stages, the root growth did not show any statistically 
significant variation between the two populations. 
Vascular Elements in Root : 
(a) Fibres : 
It is evident from Figure 6 that in the first growth stage in 
Amaranthus viridis, botli fibre lenglli and fibre width were sigiiiricaiilly 
decreased in the polluted samples. In the second stage, there was hardly 
any change in the magnitude of length or width. However, in the third 
stage, fibres were again shorter and narrower in the roots growing at 
site B than in those at site A. 
(b) Vessel Elements : 
In the first collection from site B there was a significant reduction 
in the length of vessel elements but an insignificant increase in their 
tangential and radial widths as compared to the vessel elements in the 
roots collected from the reference site. In the second collection, none 
of these dimensions showed any significant variation. In the third collection, 
though the overall size of the vessel elements was reduced under polluted 
conditions, yet only their length showed a significant difference (Figure 7). 
Data in Table 8 indicate that at the first collection stages, there 
was almost no variation in the number of vascular bundles section" 
of root. The primary and secondary vascular bundles were more abundant 
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in the material of the second collection from site B. In the third collection, 
frequency of only the secondary bundles was appreciably greater in the 
polluted material than in the normal one. 
Proportion of different Tissue System in Root : 
Table 9 shows that the roots of those plants growing at the 
polluted site had a significantly reduced area of cortex and secondary 
vascular tissues at the first collection stage, compared to the population 
at site A. In the second collection, areas of cork, starch sheath, pith, 
and the vasculature were sufficiently higher in the polluted material 
than in the corresponding material from the reference site. In the last 
collection, the proportion of cortex, conjunctive tissue, pith, primary 
xylem and secondary vasculature (phloem + xylem) showed an appreciable 
increase in the polluted material, while the proportions of cork, starch 
sheath and primary phloem did not vary much. 
Shoot Growth : 
The data given in Table 10 show the extent of length, fresh 
and dry weights of A^ . viridis shoot and also the per cent variation between 
the populations collected from sites A and B at three growth stages. 
In the first collection, only the fresh weight was affected, while in the 
second collection, none of the three parameters in question showed any 
variation. However, in the last collection, all parameters were significantly 
reduced at site B i.e. under the influence of air pollution. 
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Vascular Elements in the Basal Part of the Stem : 
(a) Fibres : 
Figure 8 foeviscs on fibro-sizo vnrintion in the third intertiode 
from the base of A., viridis stem collected from the normal and polluted 
sites. In the first collection from site B, width of fibers was significantly 
greater but their length was relatively dercreased in comparison with 
the corresponding fibre cells from the population at site A. 'i'hc length 
and width were considerably greater in the next collection. In the third 
collection, however, the fibre length decreased markedly, while the width 
remained almost unaffected at the polluted site. 
(b) Vessel Elements : 
Figure 9 focuses on dimensions of vessel elements in the third 
basal internode of A_. viridis stem collected from the chosen sites at 
three stages of growth. In the first collection from site B, vessel elements 
were appreciably larger only in the radial diameter, while their tangential 
diameter and length were little affected, compared with the corresponding 
cells in the normal population. In the second collection, the tangential 
width was highly reduced, while in the third collection, length and both 
diameters of vessel elements showed a significant reduction, the per 
cent variation being 39,5, 48.2 and 47.5, respectively. 
Proportion of Tissues : 
In the third internode from the stem base, the transectional 
area occupied by the conjunctive tissue was significantly reduced at the 
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site of pollution, while other tissue systems covered almost uii equal 
proportion in transection of both the normal and polluted materials. In 
the second collection, areas of eipdermis and starch sheath showed a 
sufficient loss, while hypodcrmis and the secondary xylem expanded conside-
rably as compared wih the normal collection. In the third collection, 
areas of epidermis, hypodermis, pith, and the primary vasculature were 
considerably greater in the stressed than in the normal plants (Table 11). 
Table 12 presents comparative data on the frequency of the 
primary and secondary vascular bundles in the third intcrnode from base. 
The frequency did not vary markedly in response to pollution during the 
first and second stages of growth. However, the secondary vascular 
bundles showed a significant decline in number during the third growtii 
stage. 
Vascular Elements in the Apical Part of Stem : 
a) Fibres : 
The data of Figure 10 compare fibre size in the third internode 
from the stem apex collected from the two sites. At the first growth stage, 
the pollution effect on length and width of fibre cells was negligible, 
although the former was slightly smaller and the latter slightly greater 
at site B. A more or less similar situation prevailed in the second stage 
also. In the third collection, fibres were considerably wider and shorter 
under the polluted atmosphere than in the normal, showing a significant 
per cent variation, i.e., +28.2 and -22.5 respectively. 
o 
z 
CO 
300 
240 
180 
120U 
r M SITE A SITE B 
60U 
1 
LJJ 
I II III 
PLANT GROWTH STAGES 
25 
h 
o 20 
< 
^'4 
o 
a: 10[-
a. 
5L 
I n III 
PLANT GROWTH STAGES 
O 
a: 
u. 
15 0 SITE A SITE B 
I I I 
PLANT GROWTH 
30 
z 
Q 
»-
0 20 
a: < 
> 
H 
Z 
UJ 1 0 
o 
Q : 
UJ 
oL 
-
-
-
. ( 
_ J 
. ' " III 
PLANT GROWTH STAGES 
FIG.10 
150r-
120 
E 
SITE 
SITE 
A 
B 
z 
UJ 
90 
60 
3 0 
0 J L U 
I I I I I I 
PLANT GROWTH STAGES 
TANGENTIAL 
DH RADIAL 
a TANGENTIAL RADIAL 
S I T E 
A 
SITE 
B 
10 
8 
cc 
^ 6 
2 
UJ 
" 4 
cm 
UJ 
a. 
I I I I I I 
PLANT GROWTH STAGES 
TANGENTIAL 
RADIAL 
E 
3 
CO 
P L A N T GROWTH STAGES 
3 0 
< 2 0 h 
UJ 
o 
UJ 
a. 
10 
fin 
M 
OL d 
I ir III 
PLANT GROWTH STAGES 
FIG.11 
44 
b) Vessel Elements : 
At an early stage of growth vessel elements of the third apical 
internode were considerably wider, both tangentially and radially, in the 
polluted than in the normal material, but their length exhibited no appre-
ciable change in response to pollution. In the second collection, the 
elements were narrower, tangentially as well as radially, at site B than 
at site A. Their size was almost constant at both sites in the third 
stage (Figure 11), 
Proportion of Tissues : 
The various tissues/tissue-systems such as epidermis, hypodermis, 
cortex, conjunctive tissue, starch sheath, pith, and the primary and secondary 
vascular bundles differ in proportion in the third internode from the 
stem apex collected from both sites. In the first collection, the starch 
sheath area was significantly low, while that of the phloem of the secondary 
vascular bundles considerably high in the polluted samples compared with 
the corresponding material from the normal habitat. Areas of epidermis, 
hypodermis, cortex, conjunctive tissue, pith, phloem of the primary vascular 
bundles and xylem of the secondary vascular bundles were almost constant 
in both populations. In the second collection, cortex and pith were 
considerably reduced. In the third collection, epidermis, cortex, conjuncive 
tissue, and vascular tissues showed a statistically significant increase 
in proportion under the impact of pollution, whereas hypodermis and 
pith area remained unaffected (Table 13). 
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Table 14 presents comparative data on the frequency of the 
primary and secondary vascular bundles in the apical portion of stem. 
At the first and the third growth stages, abundance of the bundles did 
not vary significantly between the two populations. However, in the 
second stage, number of secondary vascular bundles was significantly 
reduced in plants growing at the polluted site, compared with those of 
the normal habitat. 
Branching : 
Table 15 presents data on the number of branches plant in 
the two populations. In the first and second collections number of branches 
-1 
plant showed little interpopulational variation, but in the last collection, 
branching was more vigorous under the influence of the polluted atmosphere. 
Leaf Growth : 
Table 16 presents a comparative view of the number of leaves 
plant petiole length, and fresh and dry weights of leaves plant in 
the different collections. The frequency of leaves plant and the fresh 
and dry leaf weights had a positive response to environment at site 
B during the first stage of growth. However, petiole length was almost 
unaffected. At the second stage, the petiole length was significantly 
greater at site B, while the number of leaves plant and the fresh and 
dry leaf weights did not show any significant variation. At the third 
stage, there was hardly any considerable effect of air pollution on the 
parameters in question. 
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Anatomy of Young Leaf : 
a) Petiole : 
Table 17 provides an idea of variation in proportion of the area 
occupied by various tissues/tissue systems and also of the width of vessels 
in the petioles of young leaves in response to air pollution at there stages 
of plant development. In early stage, a significant increase was noted 
in the areas of epidermis, hypodermis, ground tissue, xylem of the central 
vascular bundle and sheath of trace bundles in the material collected 
from site B. In the second collection also the polluted material showed 
a markedly greater value for most of the above parameters. Vessel 
elements were broader in the pollution affected population than in the 
normal one. In the third collection, some tissues such as hypodermis, 
ground tissue and phloem of the central vascular bundles occupied significantly 
greater areas under the environmental stress albeit the vessel elements 
were appreaciably narrow. 
b) Middle Portion of Leaf : 
Data on the extent of area occupied by the various tissue systems, 
vein frequency, vessel frequency per vein and vessel diameters in the 
transections obtained from the middle region of young leaves are included 
in Table 18. In the first coUecttion, a very significant loss was detected 
in the area of leaf epidermis, palisade tissue and bundle sheath of various 
veins in the stressed populations. A similar loss occurred to the area 
of vascular strands of the II and III intercostal veins. However, the 
vertical diameter of vessel elements was significantly greater than in 
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the normal population. In the second collection, areas of spongy parenchyma 
and bundle sheaths of midrib and other veins were greatly reduced in 
the stressed material compared with the normal one. The area of vascular 
strands adjacent to midrib was considerably reduced, though the area 
of the marginal veins was markedly increased. Also, the number of 
veins was much greater in the leaves from population B than in those 
from population A. In the third collection, most of parameters showed 
a little variation. However, the vessels were considernbly narrow and 
their number in each vein remained unaffected. 
c) Leaf Tip : 
In tip regions of young leaves of the first collection, only the 
bundle sheath area of the 11 intercostal veins was significantly greater 
at site B, there being hardly any variation in the area of other tissues 
or in the frequency or measurements of vessel elements facing pollution. 
In the second collection, however, a significant reduction in the area 
of bundle sheaths of the lateral veins, vasculature of veins in various 
positions and in the vertical and horizontal vessel diameters was noticed 
in the stressed population. The third collection showed an appreciably 
greater amount of palisade tissue and vascular strands of veins in different 
positions as well as a greater width of vessel elements. However, the 
area in the stressed material occupied by the bundle sheath of the III 
intercostal position was comparatively much reduced (Table 19). 
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Anatomy of Old Leaf : 
a) Petiole : 
In the first collection, the relative proportions of epidcniiis 
and the phloem of the central vascular bundles were significantly greater 
in the stressed plants while the porportions of hypodermis, ground tissue, 
xylem of the central vascular bundles, bundle sheath and the vascular 
tissues of trace bundles were more or less comparable with those in 
the normal population. Also, the vessel width showed no appreciable 
change. In the second collection, there was a significant increase in 
the areas occupied by epidermis, hypodermis, ground tissue, and the phloem 
of trace bundles. However, in the third collection, the areas of epidermis, 
hypodermis xylem of the central bundles, bundle sheath of trace bundles, 
and also the diameters of vessels showed a statistically significant decrease 
in the polluted material compared with the normal one (Table 20). 
b) Middle Portion : 
Table 21 provides data on the relative transectional areas of 
different component tissues of leaf lamina, vein frequency section , vessel 
frequency vein and diameters of vessel elements in the middle region 
of old leaves. In the first collection from site B, the area occupied by 
palisade tissue was significantly greater while one occupied by the spongy 
parenchyma was much more reduced than in the corresponding material 
from site A. The area of vein sheath handsomly gained in all positions 
and so did the vasculature of lateral veins in the polluted material. The 
vertical diameter of vessel elements was not much affected but the 
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horizontal diameter was greatly reduced. In tlie second collection Croni 
site B, a general decline was observed in the area of almost each tissue 
system, compared to the corresponding collection from site A. In the 
third collection, there was again a significant reduction in the proportion 
of epidermis, palisade tissue (Plate 8) and the vertical vesel diameter, 
while the areas of vein sheath in various positions were increased at 
site B. The vein vasculature in the I intercostal position was decreased 
in the stressed material compared with the corresponding parameters 
in the normal material. Vessels were narrower at site B than at site A. 
c) Leaf Tip : 
In the tip region of old leaves, the area occupied by the spongy 
parenchyma, sheath and vasculature of veins in different positions was 
significantly greater at the first stage of growth in those plants growing 
in the polluted atmosphere than in the normal one. In the second growth 
stage, an increase in area of spongy paranchyma, vein sheath and vasculature, 
and a decrease in the vessel width were observed in the polluted material, 
compared with the material from the normal site. However, the vertical 
vessel diameter of vessel elements in the polluted material was significutitly 
larger at the third collection stage. Variation with the other parameters 
between the two populations was negligible (Table 22). 
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Table 7 : Length and weight of Amaranthus viridis root collected from 
the 
Plant Growth 
Stage 
I 
11 
III 
selected 
A 
B 
PV 
A 
n 
PV 
A 
B 
PV 
sites at three stages 
Root Length 
(cm) 
3.9 ± 1.1 
7.1 ± 1.1 
+ 81.6** 
7.2 ± 2.7 
9.4 rt 3.2 
+ 29.9 
17 ± 6.4 
13 ± 5.5 
- 23.2 
of plant growth. 
Root Fresh 
Weight (g) 
0.1 ± 0 
0.2 ± 0 
+ 177.5** 
0.5 ± 0.3 
0.6 ± 0.4 
+ 33.3 
2.5 ± 1.9 
2.7 ± 2.2 
+ 5.6 
Root Dry 
Weight (mg) 
20 ± 20 
75 ± 13 
+ 275.0** 
144 ± 99 
201 ± 95 
+ 39.6 
439 ± 245 
512 ± 345 
+ 16.6 
** significant at 1% level 
A = Reference site 
B = Polluted site 
PV = Per cent variation 
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Table 8 : Frequency of primary and secondary vascular bundles in the 
roots of Amaranthus viridis collected a t three stages of 
growth from two selected si tes. 
Plant Growth Site Vascular Bundles Section 
Primary Secondary 
A 15.6 ± 3.0 16.0 ± 6.7 
B 17.2 ± 1.3 11.4 ± 2.8 
PV + 10.3 - 28.7 
A 12.8 ± 0.4 26.0 ± 2.5 
II B 33.2 ± 12.3 31.0 ± 3.1 
PV + 159.4** + 19.2* 
A 17.2 ± 5.4 59.4 ± 11.2 
III B 21.2 ± 2.9 122.4 ± 13.4 
PV + 23.3 + 106.1** 
* Significant at 5% level 
** Significant at 1% level 
A : Reference si te 
B : Polluted si te 
PV : Per cent variation 
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-3 2 Table 9 : Area of various tissue systems (xlO mm ) in the root of 
Amaranthus viridis collected at three stages of growth. 
Tissue/Tissue 
System 
Cork 
Hypodermis 
Cortex 
Starch Sheath 
Conjunctive Tissue 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
Plant Growlti Stage 
1 
401 ± 236 
179 ± 27 
- 55.4 
371 ± 251 
-
- 100.0 
765 ± 264 
411 ± 63 
- 46.3* 
111 ± 38 
98 ± 15 
- 11.7 
852 ± 383 
727 ± 107 
- 14.7 
11 
268 ± 144 
942 ± 321 
+ 251.5** 
-
-
-
1060 ± 454 
1480 ± 450 
+ 39.6 
128 ± 17 
794 ± 535 
+ 520.3* 
1154 ± 498 
3042 ±2182 
+ 163.6 
k 
111 
933 ± 325 
1084 ± 354 
+ 16.2 
-
-
-
2076 ± 650 
4281 ±1491 
+ 106.2* 
286 ± 96 
362 ± 46 
+ 26.6 
3287 ±1101 
5514 ± 946 
+ 67.7** 
Contd .... 
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Table 9 (continued) 
Tissue/Tissue 
System 
Plant Growth Stage 
1 II 111 
Pith 
Phloem (PVBs) 
Xylem (PVBs) 
Phloem (SVBs) 
Xylem (SVBs) 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
1027 ± 503 966 ± 138 5990 ± 3208 
736 ± 149 4077 ± 922 10080 ± 2313 
- 28.3 + 322.0** + 68.3* 
27 ± 1 1 24 ± 12 36 ± 19 
45 ± 13 104 ± 28 114 ± 110 
+ 66.7 + 333.3** + 216.7 
253 ± 83 142 ± 91 424 ± 200 
223 ± 84 567 ± 6 1230 ± 713 
- 11.9 + 299.3** + 190.1* 
14 ± 7 7 ± 2 31 ± 12 
7 ± 2 41 ± 1 67 ± 17 
- 50.0* + 485.7** + 116.1** 
202 ± 139 15 ± 5 224 ± 89 
52 ± 18 1977 ± 70 692 ± 378 
- 74.3* + 13080.0** + 208.9* 
* Significant at 5% level 
** Significant at 196 level 
Data not available 
A : Reference si te 
B : Polluted si te 
PV : Per cent variation 
PVBs : Primary Vascular Bundles 
SVBs : Secondary Vascular Bundles 
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Table 10 : The shoot growth and shoot weights of Amaranthus viridis 
growing at the selected sites. 
Plant Growth Site Shoot Length Shoot Fresh Shoot Dry 
(cm) Weight (g) Weight (mg) 
A 4.7 ± 1.3 0.4 ± 0.2 35 ± 32 
I B 5.0 ± 1.2 0.3 ± 0.1 57 ± 18 
PV + 6.7 - 30.5* + 62.9 
A 14.5 ± 4.3 2.0 ± 1.2 236 ± 144 
II B 11.7 ± 2.7 1.3 ± 0.6 247 ± 109 
PV - 19.7 - 33.3 + 4.7 
A 54.4 ± 13.9 15.6 ± 11.1 2864 ± 2145 
III B 28.2 ± 9.6 6.7 ± 4.5 1216 ± 513 
PV - 48.1** - 57.0* - 57.5* 
* Significant at 5% level 
** Significant at 1% level 
A : Reference site 
B : Polluted site 
PV : Per cent variation 
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-3 2 Table 11: Area occupied by various tissues (xlO mm ) in the transverse 
sections obtained from the third basal internode of the shoot 
of Amaranthus viridis collected at three stages of growtli 
from 
Tissue/Tissue 
System 
Epidermis 
Hypodermis 
Cortex 
the 
Conjunctive Tissue 
Starch Sheath 
normal and polluted si tes. 
A 
13 
PV 
A 
B 
PV 
A 
13 
PV 
A 
B 
PV 
A 
B 
PV 
Plant Growth Stage 
I 
59 ± 13 
45 ± 9 
- 23.7 
218 ± 90 
136 ± 57 
- 37.G 
415 ± 112 
389 ± 115 
- 6.3 
199 ± 85 
142 ± 74 
- 28.6* 
46 ± 10 
34 ± 6 
- 26.1 
U 
135 ± 14 
75 ± 15 
- 44.4** 
185 ± 32 
269 ± 75 
+ 45.4* 
275 ± 51 
908 ± 623 
+ 231.4 
246 ± 129 
770 ± 448 
+ 213.0 
109 ± 21 
86 ± 25 
- 21.1* 
III 
57 ± 7 
82 ± 3 
+ 43.9** 
57 ± 7 
520 ± 93 
+ 812.3** 
329 ± 41 
789 ± 123 
+ 139.8 
470 ± 211 
431 ± 130 
- 8.3 
50 ± 8 
69 ± 24 
+ 38.0 
Con td 
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Table 11 (continued) 
Tissue/Tissue 
System 
Plant Growth Stage 
I II III 
Pith 
Phloem (PVBs) 
Xylem (PVBs) 
Phloem (SVBs) 
Xylem (SVBs) 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
655 ± 174 1251 ± 431 1332 ± 302 
595 ± 146 1530 ± 796 1750 ± 276 
- 9.2 + 22.3 + 31.4* 
26 ± 10 
18 ± 10 
- 30.8 
113 ± 30 
101 ± 45 
- 10.6 
5 ± 2 
3 ± 2 
- 40.0 
49 ± 40 
15 ± 11 
- 69.4 
22 ± 10 
42 ± 34 
+ 90.9 
124 ± 33 
192 ± 98 
+ 54.8 
6 ± 4 
10 ± 5 
+ 66.7 
23 ± 21 
98 ± 58 
+ 326.1* 
8 ± 3 
39 ± 6 
+ 387.5** 
82 ± 41 
201 ± 15 
+ 145.1** 
6 ± 2 
7 ± 2 
+ 16.7 
55 ± 41 
59 ± 28 
- 21.3 
* Significant at 5% level 
** Significant at 1% level 
A : Reference si te 
B : Polluted si te 
PV : Per cent variation 
PVBs : Primary Vascular Bundles 
SVBs : Secondary Vascular Bundles 
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Table 12 : Frequency of primary and secondary vascular bundles in the 
third internode from the stem base of Amaranthus viridis 
collected at three stages of growth from normal (A) and 
polluted (B) sites. 
Plant Growth 
Stage 
Site Vascular Bundles Section 
Primary Secondary 
A 
B 
PV 
10.8 ± 2.9 
12.6 ± 2.2 
+ 16.7 
11.4 ± 6.1 
7.2 ± 3.9 
- 36.8 
II 
A 
B 
PV 
12.0 ± 2.5 
17.4 ± 17 
+ 45.0 
24.8 ± 6.7 
25.0 ± 6.6 
+ 0.8 
III 
A 
B 
PV 
17.4 ± 1.9 
13.4 ± 4.4 
- 23.0 
59.8 ± 15.1 
26.6 ± 7.4 
- 55.5** 
* * 
A : 
B : 
PV : 
Significant at 1% level 
Reference site 
Polluted site 
Per cent variation 
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Table 13 : Comparative data on the area occupied by various tissues 
-3 2 
(xlO mm ) in the third apical internode of the stem 
of Amaranthus viridis collected thrice from normal (A) 
Tissue/Tissue 
System 
Epidermis 
Hypodermis 
Cortex 
and 
Conjuctive Tissue 
Starch Sheath 
polluted (B) s i tes . 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
Plant 
I 
49 ± 8 
42 ± 6 
- 14.3 
208 ± 80 
143 ± 41 
- 31.2 
246 ± 91 
245 ± 92 
- 0.4 
112 ± 47 
66 ± 28 
- 41.1 
34 ± 0 
-
- 100.0 
Growth Stage 
U 
53 ± 11 
41 ± 9 
- 22.6 
173 ± 47 
152 ± 72 
- 12.1 
431 ± 130 
238 ± 123 
- 44.8* 
101 ± 21 
86 ± 25 
- 14.8 
-
-
-
lU 
22 ± 1 
29 ± 5 
+ 13.8** 
39 ± 4 
99 ± 69 
+ 153.8 
115 ± 28 
203 ± 71 
+ 76.5* 
-
15 ± 4 
+ 100.0** 
-
-
-
Contd 
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Table 13 (continued) 
Tissues/Tissues 
System 
Pith 
Phloem (PVBs) 
Xlylem (PVBs) 
Phloem (SVBs) 
Xylem (SVBs) 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
Plant 
1 
548 ± 135 
364 ± 148 
- 33.6 
12 ± 3 
14 ± 7 
+ 16.7 
68 ± 22 
58 ± 18 
- 14.7 
1 ± 1 
2 ± 1 
+ 100.0* 
3 ± 3 
6 ± 4 
+ 100.0 
Growth Stage 
li 
878 ± 310 
460 ± 185 
- 47.6* 
50 ± 32 
16 ± 6 
- 68.0 
131 ± 63 
72 ± 32 
- 45.0 
0.8 ± 0.3 
0.6 ± 0 
- 25.0 
3 ± 2 
3 ± 3 
-
Ill 
11 ± 7 
116 ± 68 
+ 50.9 
3 ± 1 
7 ± 3 
+ 133.3** 
22 ± 6 
35 ± 10 
+ 59.1* 
0.3 ± 0.2 
0.8 ± 0.5 
+ 166.7* 
0.8 ± 0.4 
2.0 ± 1 
+ 150.0* 
* Significant at 5% level 
** Significant at 196 level 
A : Reference site 
B : Polluted site 
PV : Per cent variation 
PVBs : Primary Vascular Bundles 
SVBs : Secondary Vascular Bundles 
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Table 14 : Frequency of primary and secondary vascular bundles in the 
third apical internode in stem of Amaranthus viridis collected 
at three suges of growth from the two chosen sites. 
Plant Growth Site 
Stage 
Vascular Bundles Section 
Primary Secondary 
A 13.2 ± 3.4 3.0 ± 1.4 
B 14,4 ± 1.7 6.8 ± 3.4 
PV + 9.1 + 126.7 
A 16.0 ± 4.1 7.4 ± 1.5 
11 13 16.2 ± 4.1 4.6 ± 1.3 
PV + 1.2 - 37.8** 
A 9.8 ± 2.2 5.6 ± 1.9 
III B 10.0 ± 1.9 4.6 ± 1.7 
PV + 2.0 - 17.9 
** Significant at 1% level 
A : Reference site 
B : Polluted site 
PV : Per cent variation 
ni 
Table 15 : Branch frequency in plants of Amaranthus viridis collected at 
three stages of growth from normal (A) and polluted (B) 
sites. 
Plant Growth 
Stage 
Site Branches Plant -1 
A 
B 
PV 
2.7 ± 0.5 
3.4 ± 1.3 
+ 23.6 
II 
A 
B 
PV 
3.6 ± 2.5 
5.2 ± 2.2 
+ 46.8 
III 
A 
n 
PV 
8.2 ± 2.7 
10.8 ± 3.7 
+ 31.1** 
** 
A 
B 
PV 
Significant at 1% level 
Reference site 
Polluted site 
Per cent variation 
02 
Table 16 : Comparative data on foliar morphological features o[ 
Amaranthus viridis collected at three stage of growth from 
normal (A) and polluted (B) sites. 
Plant Growth 
Stage 
Site Leaves Petiole 
Plant" ^  Length 
(cm) 
Fresh Weight 
of Leaves 
Plant"^ 
(g) 
Dry Weight 
of Leaves 
Plant'^ 
(g) 
A 10.9 ± 2.3 1.0 ± 0.5 0.2 ± 0.1 61 ± 38 
B 17.3 ± 6.1 1.1 ± 0.5 0.4 ± 0.1 106 ± 20 
PV + 59.2** + 10.5 + 100.0** + 73.8** 
II 
A 26.8 ±17.1 1.4 ± 0.7 0.9 ± 0.5 230 ±119 
B 40.0 ±17.0 1.6 ± 0.8 1.0 ± 0.6 284 ±192 
PV + 49.2 + 13.4** + 12.8 + 23.5 
III 
A 102.8 ±87.4 2.9 ± 1.7 7.0 ± 5.5 1417 ±1118 
B 102.3 ±40.8 1.7 ± 1.0 3.8 ± 3.7 963 ± 734 
PV - 0.4 - 42.4 - 45.7 - 32.0 
* * 
A : 
B : 
PV : 
Significant at 1% level 
Reference site 
Polluted site 
Per cent variation 
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-3 2 Table 17 : Area of tissues (xlQ mm ) and width of vessel elements 
Oum) in the petioles of young leaves of Amaranthus viridis 
collected three stages of growth from normal (A) and 
polluted (B) s i tes . 
Parameters Site Plant Growth Stage 
II HI 
Epidermis Area 
Hypodermis Area 
Ground Tissue Area 
Phloem Area (CVBs) 
Xylem Area (CVBs) 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
13 
PV 
A 
B 
PV 
11 ± 9 
23 ± 5 
+ 109.1* 
7 ± 3 
17 ± 6 
+ 142.9* 
102 ± 21 
181 ± 71 
+ 77.4* 
2 ± 1 
4 ± 3 
+ 100.0 
9 ± 4 
14 ± 3 
+ 55.6* 
0.9 ± 0.1 20 ± 1 
29 ± 3.0 23 ± 4 
+ 3122.2 + 15.0 
0.8 ± 0.2 20 ± 2 
54 ± 13 35 ± 9 
+ 6650** + 75.0** 
5 ± 0.2 83 ± 5 
57 ± 13 173 ± 67 
+ 1040.0** + 108.4* 
0.1 ± 0 . 3 1 ± 1 
6 ± 3.4 6 ± 2 
+ 5900.0** + 500.0** 
0.5 ± 0.1 16 ± 7 
30 ± 10 18 ± 7 
+ 5900.0** + 12.5 
Table 17 ( Continued ) 
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Parameters 
Bundle Sheatli Area 
Conducting Strand Area 
Vessel d iameter 
( Vertical ) 
Vessel Diameter 
( Horizontal ) 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
Plant 
I 
3 ± 0.3 
7 ± 3 
+ 133.3** 
0.7 ± 0.4 
2 ± 2 
+ 185.7 
8.8 ± 3.4 
9.8 ± 4.7 
+ 11.3 
9.4 ± 2.6 
9.1 ± 4.2 
- 3.3 
Growth Stage 
11 
0.5 ± 0,2 
10 ± 4 
+ 1900.0 
0.1 ± 0 
2 ± 0.5 
+ 1900.0** 
9.2 ± 3.7 
12,2 ± 4.3 
+ 32.3** 
10.2 ± 3.8 
11.3 ± 4 
+ 11.4 
III 
2 :l 7 
5 ± 3 
+ 150.0 
0.7 ± 0.4 
1.0 ± 0.2 
+ 42.9 
14.2 ± 4.0 
9.3 ± 2.8 
- 34.7** 
14.0 ± 4.6 
8.9 ± 3.1 
- 36.2** 
A 
B 
PV 
CVBs 
Significant at 5% level 
Significant at 1% level 
Reference site 
Polluted site 
Per cent vuriulion 
Central Vascular Bundles 
G5 
-3 2 Table 18 : Area of various tissues (xlO mm ) frequency of veins and vessels 
and the vessel diameters (jam) in the middle region of young 
leaves of Amaranthus viridis as calculated at three growth 
stages. 
Parameters Plant Growth Stages 
I U m 
Epidermis Area 
Palisade Area 
Spongy Parenchyma 
Area 
Bundle Sheath Area of 
Various Veins 
(a) Midrib Vein 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
(b) I Intercostal Vein 
(c) II Intercostal Veins 
B 
PV 
A 
B 
PV 
A 
B 
PV 
211 ± 36 177 ± 12 
148.9± 15 186 ± 26 
- 29.4* + 5.1 
381 ± 178 338 ± 86 
181 ± 10 222 ± 64 
- 52.5* - 34.3 
407 ± 142 332 ± 56 
273 ± 21 306 ± 74 
- 32.9 - 7.8* 
11 ± 4 
5 ± 3 
- 54.5* 
8 ± 1 
2 ± 1 
- 75.0** 
6 ± 3 
2 ± .1 
- 66.7 
4 ± 2 
3 ± 2 
25.0 
5 ± 1 
2 ± 2 
60 .0* * 
4 ± 2 
2 ± 1 
50.0** 
268 ± 120 
260 ± 69 
- 3.0 
405 ± 158 
311 ± 37 
- 23.2 
473 ± 251 
418 ± 77 
- 11.6 
8 ± 
6 ± 
6 
2 
- 25.0 
4 ± 
3 ± 
3 
1 
- 25.0 
4 ± 
4 ± 
00.0 
3 
2 
Contd 
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Parameters 
(d) III Intercostal Vein 
(e) Marginal Veins 
Vascular Strand Area : 
(a) Midrib Vein 
(b) I Intercostal Vein 
(c) II Intercostal Vein 
(d) III Intercostal Vein 
(e) Marginal Veins 
A 
13 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
1 
4 ± 2 
2 ± 0.8 
- 50.0** 
5 ± 0.4 
2 ± 1 
- 60.0** 
7 ± 5 
7 ± 4 
00.0 
0.5 ± 0.2 
0.4 ± 0.3 
- 20.0 
0.6 ± 0.2 
0.5 ± 0.5 
- 16.7* 
1 ± 1 
0.3 ± 0.1 
- 70.0* 
0.8 ± 0.1 
66 ± 90 
+ 8150.0 
Plant Growth 
11 
5 ± 3 
2 ± 1 
- 60.0** 
6 ± 1 
2 ± 0.3 
- 66.7** 
4 ± 0.8 
5 ± 1 
+ 25.0 
0.9 ± 0.5 
0.3 ± 0.1 
- 66.7** 
1 ± 0.9 
0.7 ± 1 
- 30.0 
0.8 ± 0.4 
0.5 ± 0.8 
- 37.5 
0.8 ± 0.2 
148 ± 87 
+18400.0** 
Stage 
111 
3 ± 2 
3 ± 0.9 
00.0 
4 ± 1 
3 ± 0.5 
- 25.0 
9 ± 9 
6 ± 3 
- 33.3 
0.6 ± 0.4 
• 0.8 ± 0.5 
+ 33.3 
0.6 ± 0.5 
1 ± 0.8 
+ 66.7 
0.4 ± 0.2 
0.8 ± 0.4 
+ 100.0** 
0.7 ± 0.4 
0.7 ± 0.1 
00.0 
ConUi .... 
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Table 18 ( Continued ) 
Parameters 
Veins Section 
Vessels Vein 
A 
B 
PV 
A 
B 
PV 
I 
51 ± 7.2 
54.6 ±11.4 
+ 7.1 
5.1 ± 12.1 
4.1 ± 5.7 
- 21.0 
Plant Growth 
I I 
41.6 ± 3.1 
66.4 ± 9.2 
+ 59 .6** 
4.3 ± 6.2 
4.9 ± 4.0 
+ 13.1 
Stage 
m 
llA ± 7.1 
77.4 ±33.6 
00.0 
4.3 ± 10.7 
4.6 ± 6.9 
+ 7.4 
Vessel Diameter 
(a) Vertical 
(b) Horizontal 
A 
B 
PV 
A 
B 
PV 
5.9 ± 2.5 
7.1 ± 2.7 
+ 31.1** 
6.9 ± 2.2 
2.3 ± 2.3 
- 8.8 
7.7 + 
7.9 ± 
+ 2.1 
7.3 ± 
7.2 ± 
- 1.6 
2.2 
3.1 
2.1 
2.6 
9.5 + 4.4 
7.2 ± 2.6 
- 24.5** 
9.4 ± 3.8 
6.7 ± 2.2 
- 28.4** 
* Significant at 5% level 
** Significant at 1% level 
A : Reference site 
B : Polluted site 
PV : Per cent variation 
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-3 2 Table 19 : Comparative data on tissue proportion (xlO mm ), frequency 
of veins and vessels and the vessel diameters Oum) in the 
tip region of young leaves of Amaranth us viridis collected 
at three stages of plant growth from the normal and polluted 
sites. 
Parameters 
Epidermis Area 
Palisade Area 
Spongy Parenchyma Area 
Bundle Sheath Area: 
(a) Midrib Vein 
(b) 1 Intercostal Vein 
(c) II Intercostal Vein 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
I 
63 ± 8 
52 ± 7 
- 17.5 
78 ± 22 
66 ± 20 
- 15.4 
106 ± 18 
80 ± 28 
- 24.5 
2 ± 0.8 
2 ± 2 
+ 50.0 
2 ± 1 
3 ± 2 
+ 50.0 
2 ± 1 
3 ± 1 
+ 50.0* 
Plant GrovHh 
II 
72 ± 30 
64 ± 9.8 
- 11.1 
104 ± 28 
70 ± 23 
- 32.7 
122 ± 33 
90 ± 33 
- 26.2 
4 ± 2 
3 ± 1 
- 25.0 
4 ± 2 
1 ± 0.8 
- 75.0** 
4 ± 3 
2 ± 2 
- 50,0 
Stage 
III 
81 ± 10 
70 ± 7 
- 13,6 
89 ± 44 
1380 ± 88 
+1450,6** 
114 ± 53 
114 ± 42 
00,0 
3 ± 2 
5 ± 2 
+ 66.7 
2 ± 0,8 
3 ± 2 
+ 50,0 
2 ± 1 
2 ± 1 
00,0 
Contd ... 
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Parameters Plant Growth Stage 
I II III 
(d) III Intercostal Vein A 
13 
PV 
(e) Marginal Veins A 
B 
PV 
Vascular Strand Area : 
(a) Midrib Vein A 
B 
PV 
(b) 1 Intercostal Vein A 
B 
PV 
(c) II Intercostal Vein A 
B 
PV 
(d) III Intercostal Vein A 
B 
PV 
(e) Marginal Veins A 
B 
PV 
3 ± 0.8 5 ± 3 3 ± 1 
3 ± 0.7 2 ± 1 2 ± 1 
00.0 - 60.0** - 33.3* 
2 ± 0.4 5 ± 3 2 ± 0.5 
3 ± 1 2 ± 0.8 2 ± 1 
+ 50.0 - 60 .0** 00.0 
0.3 ± 0.1 2 ± 1 1 ± 1 
2 ± 4 0.7 ± 0.4 2 ± 0.2 
- 566.7 - 65.0* + 100.0 
0.6 ± 0 . 4 2 ± 2 0.5 ± 0.2 
0.5 ± 0.4 0.3 ± 0 . 1 1 ± 0.5 
- 66.7 - 85.0* + 100.0* 
0.6 ± 0.4 0.6 ± 0.4 0.4 ± 0.2 
0.5 ± 0.2 0.5 ± 0.5 0.6 ± 0.2 
- 16.7 - 16.7 + 50.0* 
0.4 ± 0.1 0.8 ± 0.5 0.6 ± 0,2 
0.5 ± 0.3 0.3 ± 0.2 0.5 ± 0.4 
+ 25.0 - 62.5* - 16.7 
0.3 ± 0 0.9 ± 0.4 0.5 ± 0.1 
0.5 ± 0.2 0.3 ± 0.1 0.6 ± 0.1 
+ 66.7 - 66.7* + 20.0* 
Contd 
Table 19 ( Cont inued ) 
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Parameters Plant Growth Stage 
II III 
Veins Section 
Vessels Vein 
A 
B 
PV 
A 
13 
PV 
17.4 ± 
18 ± 
+ 3.4 
5.4 ± 
5.2 ± 
- 3.1 
3.8 
4.1 
3.2 
4.1 
17.6 ± 5.5 
23.6 ± 4.6 
+ 34.1 
4.6 ± 3.1 
5.4 ±12.7 
+ 18.3 
22 ± 2.2 
23.6 ± 4.7 
+ 7.3 
4.7 ± 6.8 
4.0 ± 0.7 
- 14.5 
Vessel Diameter 
(a) Vertical 
(b) Horizontal 
A 
B 
PV 
A 
B 
PV 
5.9 ± 2 
5.4 ± 2 
- 8.2 
5.9 ± 2 
5.6 ± 2 
- 5.4 
7.6 ± 3.2 
5.7 ± 1.6 
- 25.2** 
7.3 ± 4.4 
4.9 ± 1.6 
- 32.8** 
4.4 ± 1.7 
5.6 ± 1.6 
+ 27.2** 
5.1 ± 1.6 
5.4 ± 0.7 
+ 6.3 
* Significant at 5% level 
** Significant at 1% level 
A : Reference site 
R : Polluted site 
PV : Per cent variation 
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Table 20 : Comparative data on the area occupied by various tissues 
-3 2 (xlO mm ) and on the vessel diameter ^m) in the petiole 
of old leaves of Amaranthus viridis collected at three 
stages of plant growth from the normal (A) and polluted 
(B) sites 
Parameters Plant Growth Stage 
11 III 
Epidermis Area 
Hypodermis Area 
Ground Tissue Area 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
27 
37 
+ ; 
31 
60 
+ 1 
119 
348 
+ ' 
± 5 
± 8 
37.0* 
± 24 
± 21 
93.5 
± 85 
±148 
74.9 
1.3 ± 0.2 
4 ± 3 
+2515.4** 
1.7 ± 1 
70 ± 23 
+4017.6** 
37 ± 3 
31 ± 4 
- 16.2* 
56 ± 20 
48 ± 17 
- 14.3** 
10 + 3 258 + 82 
195 ±119 277 ± 72 
+ 1850.0** + 7.4 
Central Vascular Bundles 
(a) Phloem Area 
(b) Xylem Area 
A 
B 
PV 
A 
B 
PV 
7 ± 4 
13 ± 5 
+ 85.7* 
26 ± 10 
35 ± 11 
+ 34.6 
0.6 ± 0.3 
17 ± 9 
+2733.3** 
2 ± 0.7 
38 ±106 
+ 1800.0 
17 ± 5 
8 ± 9 
- 52.0 
70 ± 16 
32 ± 13 
- 54.3** 
Contd .... 
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Parameters Plant Growth Stage 
I I III 
Leaf Trace Vascular Bundle : 
(a) Bundle Sheath Area A 
B 
PV 
(b) Conducting Strand Area 
Vessel Diameter 
(a) Vertical 
(b) Horizontal 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
6 ± 6 
17 ± 10 
+ 183.3 
1 ± 1 
2 ± 2 
+ 100.0 
12.6 ± 5.6 
11.2 ± 6.1 
- 11.3 
12.1 ± 4.6 
11.4 ± 6.6 
- 5.8 
0.3 ± 0.3 
11 ± 3 
+ 3566.7** 
0.1 ± 0.1 
2 ± 2 
+ 1900.0 
17.4 ± 6.1 
15 ± 5.7 
- 13.6 
14.5 ± 6.8 
13.5 ± 5.7 
- 6.8 
21 ± 5 
12 ± 5 
• 42.9* 
3 ± 1 
2 ± 1 
- 33.3 
19.1 ± 6.7 
15.6 ± 6.4 
- 18.6** 
16.7 ± 6.1 
14.1 ± 4.5 
- 15.1* 
* * 
A 
B 
PV 
Significant at 5% level 
Significant at 1% level 
Reference site 
Polluted site 
Per cent variation 
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Table 21 : Comparative data on the area occupied by different tissues 
-3 2 (xlO mm ), frequency ^m)of veins and vessles and the 
vessel diameters in the middle region of old leaves of 
Amaranthus viridis collected at three stages of plant growth 
from normal (A) and polluted (B) sites. 
Parameters Plant Growth Stage 
Epidermis Area 
Palisade Area 
Spongy Parenchyma Area 
Bundle Sheath Area : 
(a) Midrib Vein 
(b) I Intercostal Vein 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
I 
292 ± 27 
341 ± 44 
+ 16.8 
449 ± 84 
900.1 ± 130 
+ 100.5** 
502 ± 104 
1180 ± 253 
- 64.1** 
2 ± 1 
14 ± 7 
+ 600.0** 
2 ± 1 
5 ± 1 
+ 150.0** 
II 
303 ± 46 
15 ± 3 
- 95.0* 
522 ± 83 
31 ± 11 
- 94.1** 
679 ± 90 
38 ± 12 
- 94.4** 
8 ± 2 
0.4 ± 0.3 
- 95.0** 
3 ± 1 
0.1 ± 0.1 
- 96.7** 
III 
640 ± 104 
429 ± 75 
- 33.0** 
759 ± 60 
564 ± 134 
- 25.7* 
812 ± 132 
920 ± 233 
+ 13.3 
9 1 8 
9 ± 4 
00.0 
2 ± 0.9 
3 ± 0.7 
+ 50.0* 
Contd .... 
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Table 21 ( Continued ) 
Parameter 
(c) II Intercostal Vein 
(d) III Intercostal Veins 
(e) Marginal Veins 
Vascular Strand Area : 
(a) Midrib Vein 
(b) 1 Intercostal Vein 
(c) II Intercostal Vein 
(d) III Intercostal Vein 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
Plant Growth 
I 
3 ± 2 
6 ± 2 
+ 100.0** 
3 ± 2 
8 ± 4 
+ 166.7** 
3 ± 0.8 
6 ± 0.8 
+ 100.0** 
10 ± 5 
16 ± 8 
+ 60.0 
0.3 ± 0.1 
2 ± 1.5 
+ 566.7** 
0.3 ± 0.1 
2.2 ± 1.4 
+ 633.3* 
0.4 ± 0,3 
1.9 ± 1.3 
+ 375.0** 
U 
3 ± 0.7 
0.1 ± 0.1 
- 96.7** 
4 ± 1 
0.2 ± 0.1 
- 95.0** 
3 ± 0.3 
0.1 ± 0 
- 96.7** 
12 ± 8 
0.7 ± 0 
- 94.2* 
0.4 ± 0.2 
0 ± 0 
- 100.0** 
0.4 ± 0.1 
0 ± 0 
- 100.0** 
0.7 ± 0.8 
0 ± 0 
- 100.0 
Stage 
ill 
2 ± 1 
3 ± 1 
+ 50.0* 
2 ± 1 
3 + 2 
+ 50,0 
2 ± 0.2 
3 ± 1 
+ 50.0 
11 ± 5 
10 ± 4 
- 9.1 
3 ± 4 
0.6 * 0.3 
- 80* 
0.7 ± 0.4 
0.6 ± 0.3 
- 14.3 
0.8 ± 0.6 
1 ± 2 
t 25.0 
Contd 
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Paromelcr 
(e) Marginal Veins 
Veins Section 
Vessels Vein 
Vessel Diameter : 
(a) Vertical 
(b) Horizontal 
* Significant 
** Sign ificant 
A : Reference 
PV : Per 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
at 5% 
at 1% 
site 
cent variation 
Plant Growth 
1 
0.6 ± 0.3 
1.8 ± 0.5 
+ 200.0** 
81.2 ± 12.4 
83.4 ± 14.7 
+ 2.7 
4.7 ± 3,0 
3.9 ± 7 
- 16.4 
8.8 ± 1.4 
8 ± 2.6 
- 8.4 
8.8 ± 3.7 
6.9 ± 2.8 
- 21.7** 
level B 
level 
I 
11 
0.7 ± 0.6 
0 ± 0 
- 100.0** 
126.2 ± 40 
98 ± 14.7 
- 22.3 
3.1 ± 1.8 
3.5 ± 4 
+ 12.9 
11.3 ± 4 
12 ± 5.2 
+ 6.4 
10.9 ± 3.9 
11 ± 5 
+ 0.6 
: Polluted 
SloRc 
III 
0.8 ± 0.2 
0.8 ± 0.2 
00.0 
152 ± 25.8 
92.5 ± 47.; 
- 39.1 
3 ± 2.6 
3.3 ± 1 
+ 10.8 
13.2 ± 4.6 
9.6 ± 4.2 
- 27.1** 
11.5 ± 4.3 
10.1 ± 3.8 
- 11.9 
si te 
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-3 2 Table 22 : Comparative data on tissue proportions (xlO mm ), frequency 
of veins and vessels, and vessel diameters ^m) in the 
tip region of old leaves of Amaranthus viridis collected 
at three stages of plant growth from tthe normal (A) 
and polluted (B) sites. 
Parameters 
Epidermis Area 
Palisade Area 
Spongy Parenchyma Area 
Bundle Sheath Area : 
(a) iVlidrib Vein 
(b) 1 Intercostal Vein 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
I 
96 ± 18 
79 ± 18 
- 17.7 
147 ± 29 
173 ± 51 
+ 17.7 
88.7 ± 21 
257 + 19 
+ 167.2** 
0.6 ± 0.2 
6 ± 2 
00.0 
1 ± 0.8 
6 ± 3 
+ 500.0** 
Plant Growth 
II 
91 ± 17 
100 ± 16 
+ 9.9 
88 ± 17 
164 ± 91 
+ 86.4 
100 ± 21 
194 ± 72 
+94.0* 
3 ± 1 
6 ± 3 
+ 100.0* 
3 ± 1 
4 ± 2 
+ 33.3 
Stage 
III 
125 ± 42 
93 ± 27 
- 25.6 
200 ± 105 
140 ± 30 
- 30.0 
220 ± 117 
180 ± 63 
- 18.2 
4 ± 1.3 
5 ± 2 
+ 25.0 
3 ± 2 
3 ± 0.8 
00.0 
Contd ... 
Table 22 ( Continued ) 
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Parameters 
I 
Plant Growth Stage 
II 111 
(c) II Intercostal Vein 
(d) III Intercostal Vein 
(e) Marginal Vein 
Vascular Strand Area : 
(a) Midrib Vein 
(b) I Intercostal Vein 
(c) II Intercostal Vein 
(d) III Intercostal Vein 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
1 ± 0.7 
4 ± 1 
+ 300.0** 
2 ± 0.7 
5 ± 2 
+ 150.0** 
2 ± 0.6 
4 ± 0.9 
+ 100.0** 
2 ± 0.9 
3 ± 2 
+ 50.0 
0.3 ± 0.1 
2 ± 1 
+ 566.7** 
0.5 ± 0.3 
0.8 ± 0.3 
+ 60 .0** 
0.4 ± 0.2 
1 ± 0.8 
+ 150.0 
2 ± 1 
4 ± 2 
+ 100.0* 
3 ± 1 
4 ± 2 
+ 33.3 
3 ± 0.8 
4 ± 0.8 
+ 33.3 
0.4 ± 0.1 
3 ± 2 
+ 650.0* 
0.4 ± 0.3 
0.5 ± 0.4 
+ 25.0 
0.3 ± 0.1 
0.6 ± 0.3 
+ 100.0** 
0.4 ± 0.2 
3 ± 2 
3 ± 0.9 
00.0 
4 ± 3 
2 ± 2 
- 50.0 
4 ± 2 
2 ± 0.2 
- 50.0 
2 ± 1 
3 ± 1 
+ 50.0 
0.7 ± 0.4 
0.5 ± 0.2 
- 28.6 
0.5 ± 0.3 
0.8 ± 0.3 
+ 60.0** 
1 ± 0.8 
Table 22 ( Continued ) 
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Parameters 
(c) Marginal Vein 
Veins Section 
Vessels Vein 
Vessel Diameter : 
(a) Vertical 
(b) Horizontal 
* • 
** 
A : 
B : 
PV ,: 
Sign 
A 
B 
PV 
A 
13 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
ificant at 
Significant at 
Reference site 
Polluted 
Per cent 
s i te 
5% 
1% 
: variation 
I 
0.4 1 0.1 
1 ± 0.4 
+ 150.0* 
25.2 ± 3.8 
21 ± 4.1 
- 16.7 
4.2 ± 3.1 
4.2 ± 2.1 
- 1.9 
5.1 ± 1.8 
5.4 ± 1.7 
+ 5.8 
4.7 ± 1.4 
4.8 ± 1.6 
+ 1.3 
level 
level 
1 
Plaint Grois/lh 
n 
(1.4 1 0.1 
0.7 ± 0.2 
+ 75.0* 
25.4 ± 4.9 
23.2 ± 2,7 
- 8.7 
4.9 ± 11 
4.4 ± 9 
- 10.6 
6.5 ± 1.8 
5.4 ± 1.9 
- 17.5** 
6.4 ± 2.3 
5.1 ± 1.4 
- 20.3** 
Stpge 
HI 
0.8 1 0.3 
0.6 ± 0.1 
- 25.0 
35.2 ± 8 
31.8 ± 10 
- 9.7 
4.5 ± 7.5 
2.9 ± 2.4 
- 36.6 
6 ± 2,3 
5.1 ± 1.7 
- 14.5** 
5.5 ± 1.7 
5 ± 2 
- 8.8 
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EUPHORBIA HIRTA 
SYMPTOMATOLOGY : 
In tfie present study, plants of Llupliorbiu liirta showed the 
following injury patterns at the poliuttcd site : 
At the first collection stage, the young leaves showed bronzing 
at tips and margins, having a reddish-brown colouration. The old leaves 
had chlorosis mostly at tips and margins, in some cases over the entire 
lamina. Tip chlorosis was followed by necrosis. Defoliation was also 
observed in three basal internodes (Plate 5). 
At the second collection stage, premature senescence of leaves 
was observed in the first three-four nodes from the apex. The youJig 
leaves showed a reddish-brown bronzing on the abaxial surface. This 
was followed by chlorosis and then necrosis in the leaf tip region. The old 
leaves developed bronzing on tips, margin and the intercostal regions. 
Later, tlie marginal necrosis appeared to spread to the intercostal areas. 
These dry spots were dropped from the leaves, leaving behind small 
holes in the intercostal areas. In some cases, necrosis began at the 
margions of leaves and spread towards the midrib region forming a 
band across the leaf width; the dry portions broke off from the green 
part (Plate 6). 
At the third collection stage, leaves were deformed and crumpled. 
Premature leaf senescence left the entire shoots almost bare. The 
young leaves showed bronzing, followed by chlorosis on the basal regions. 
Discolouration was more evident on the abaxial leaf surface. Tip chlorosis 
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was followd by tip burn. In the old leaves, bronzing was visible all 
over the lamina on both surfaces. Necrosis occurred in the intercostal 
and marginal regions. These dry portions broke off and gave the leaves 
a shredded appearance (Plate 7). 
Root Growth : 
The data summarised in Table 23 show the extent of length, 
fresh and dry weights of roots collected from both sites at three stages. 
The root experienced a significant extension, accompained by an increase 
in the dry weight at site B compared to the samples from site A, during 
the first growth stage. However, in the second and third collections, 
the selected parameters showed no variation. 
Vascular Elements in Root : 
a) Fibres : 
It is evident from Figure 12 that fibres were longer in the 
roots of plants growing at the polluted site during the first and second 
collections. Fibre width showed the least variation in the polluted atmos-
phere. In the third collection, the fibre dimensions remained almost 
comparable at both sites. 
b) Vessel Elements : 
In the first collection, the vessels were significantly wider 
at site B than at site A, length of vessel elements being similar at 
both sites. In the second and third collections, vessel element dimensions 
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varied little with site (Figure 13). 
Proportion of Tissues : 
The data presented in Table 24 indicate that the cork and 
cortex occupied a small transectioiial area in roots of the first collection 
from site B. In the second collection, no variation in the extent of 
development of different tissue systems was observed between the samples 
of the two sites. In the third collection, however, cork, cortex, and 
the vascular tissues occupied a greater area in tiie roots at site B than 
at site A. In all the three collections, pith was completely obliterated 
due to the secondary growth of xylem. 
Shoot Growth : 
Table 25 focuses on the length, and fresh and dry weights 
of shoots collected from the selected sites, at three stages of plant 
growth. The shoot growth was relatively slow at site B at the initial 
stage. However, in the second collection, shoot axes were considerably 
long at the polluted site although the fresh and dry shoot weights were 
significantly smaller. The third collection samples from the two sites 
hardly showed any variation in the above parameters. 
Vascular Elements in Basal Part of Stem : 
Fibres : 
Figure 14 shows fibre size variation in the third internode 
from the base of the stem. Samples belonging to the first collection 
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had significantly narrow fibres at the polluted site. In the second collection 
material, fibre width was almost constant at the two sites, but fibre 
length was significantly greater in the polluted population. Tlic Icngtii 
was still greater in the last collection from the polluted site but the width 
of fibres was almost constant a both sites. 
Vessel Elements : 
The comparative data on vessel element dimensions in the 
third inlernode from the stem base reveal that at in the first collection, 
the vessels were significantly wide at the polluted than at the normal 
site. In the second collection, the length of the vessel elements at 
site B was a great deal simaller than at site A but their radial width 
was more than the reference samples. The vessel dimensions did not 
vary much in the third collection samples from the two sites (Figure 15). 
Proportion of Tissues : 
The relative proportions of various tissue systems in the third 
internode from the base of the stem were csimated at the three seleccd 
levels of plant development. In the first coUecction, magnitude of 
the areas of various tissues viz., epidermis, cortex, phloem, xylem and 
pith was significantly low at site B. In the second collection, amount 
of the area of the protective and the stofaf^e tissue systems continued 
to decline at the polluted site, while the conducting tissues remained 
uninfluenced. In the third collection, however, the transectional areas 
of epidermis, cortex and phloem were more at the polluted site than 
that at the reference site (Table 26). 
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Vascular Elements in the Apical Part of Stem : 
a) Fibres : 
A comparison of fibre dimensions in the third internode from the 
stem apex indicates that the length and width of fibres were markedly 
less at site B at the early stage of plant development. The loss was 
however, compensated to a good extent later in the second collection. In 
the third collection material, the fibres were again shorter and narrower 
at the polluted site (Figure 16). 
b) Vessel Elements : 
The tangential and radial diameters of vessel elements at 
site B were appreciably small, compared to IJiose at site A during the first 
collection stage. However, the diameters were significantly greater at the 
polluted site at tlie Jiext collection stage. The length of vessel elements 
renained almost matching in both populations at each growth stage 
(Figure 17). 
Relative Proportion of Tiasues ; 
The plants of the first collection from site B had a very 
poor development of tlie vascular tissues. In the second collection, 
pith area was greater at site B, the other tissues remained almost equivalent 
at botli sites. In tlie third collection, however, tissue growth in general 
was severely hampered at the polluted site, as compared to the normal 
population (Table 27). 
Branching : 
The data in Table 28 indicate that frequency of stem branching 
was more or less constant at all the three stages of plant development 
selected for collection at both sites. 
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rolior Morphology : 
The total green area plant and the fresh weight of leaves 
plant were significantly low in the first collection from the stressed 
population. At the second collection stage, petioles were much elongated 
in the polluted population, while frequency, area, and the fresh and dry 
weights of leaves did not vary much from those of the reference material. 
In the third collection, number of leaves per plant was significantly 
higher at the polluted site (Table 29). 
Anatomy of Young Leaf ; 
a) Petiole : 
In the first collection, the relative proportions of epidermis, 
ground tissue and xylem in petiole were comparatively less at site B 
than at site A. The vertical diameter of vessel elements was aslo 
smaller in the polluted samples. In the second collection, xylem area 
was well developed, but vessels were narrow in he polluted atmosphere. 
The third collection plants had a considerably reduced amount of epidermis, 
xylem, and vessel lumen at the polluted site (Table 30). 
b) Middle Lamina : 
Table 31 indicates that young leaves of the polluted plants 
had poorly developed epidermis, mesophyll and the conducting tissues 
of veins in various posiions in the middle region of tiic leaf blade, at 
the first collection stage. In the next collection, well devveloped epidermis 
and spongy parenchyma were observed in the polluted material. In the 
sr. 
last collection, sheath of the marginal veins and the conducting tissues 
of 1 intercostal veins sufficiently gained, while the conducting tissues 
of midrib vein lost considerably in area in the stressed population, compared 
to leaves of the reference population. 
The frequency of vessels in veins was significantly less in samples 
collected at the first stage from the polluted site. Vessels were narrower 
in the polluted samples than in the normal ones, collected at the second 
stage. In the third collection, frequency os well as the vertical diameters 
of vessels declined at site B, compared witii site A (Table 32). 
c) Leaf Tip : 
Table 33 gives a comparative account of the extent of area 
occupied by various tissues in the tip region of young leaves at the 
polluted and reference sites. In the first collection, the proportions 
of epidermis, spongy parenchyma, and midrib vasculature were markedly 
less at the polluted site. In all tlie tiiroe collections, areas of bundle 
sheath and the conducting strand of veins in various positions varied 
in the two populations. 
It is evident (Table 34) tliat at the first and second collections, 
young leaves iiad a smaller number of vascular bundles and vessels in 
the leaf-tip region in the stressed population than in the normal one. 
In the second and third collections, vessels were narrower at the polluted 
site. In the third collection , however, the vascular bundles were more 
abundant at site B, compared to site A. 
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Anatomy of Old Leaf 
a) Petiole : 
In the first collection, the stressed population had a relatively 
retarded development of ground tissue, small horizontnl diameter of 
vessels, and an accelerated development of xylem. Proportions of various 
tissues viz., epidermis, ground tissue and xylen\, and also the vcrticul 
diameter of vessels were greater in the stressed than in the normal 
population at the second collection stage. However, in the third collection, 
the horizontal diameter of vessels was larger at the polluted site while 
the other parameters were almost equivalement in the two populations 
(Table 35). 
b) Middle Lamina : 
The epidermis and mesophyll proportions in the old leaves 
showed no interpopulational variation in the two populations, at all 
the three collections. The epidermal cells showed enlargement at some 
places at site B (Plate 9) but no significant variation was produced in 
overall epidermal area. The area of bundle sheath i and the vasculature 
of veins showed both nn incrcnsc and a decrease at various positions in 
the middle region of leaf lamina during the three collection stages 
(Table 36). 
Vessels were more abundant in the middle portion of old leaves 
during the first stage of growth, at the polluted site. In the second 
stage of growth, only vertical diameter of vessels was considerably 
larger in plants growing in the vicinity of the pollution source, while 
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ill llie third stage, no puraniotors showed any alternation (Table 37). 
c) Leaf Tip : 
Comparison of areas occupied by various tissues in the tip region 
of old leaves at the first collection stage showed no interpopulational 
variation. At the second stage, areas of vein sheath in various positions 
and of the conducting strand in the first pair of the intercostal vein 
at site B were significantly higher as compared with the reference samples. 
Epidermis developed a good deal in the third stage of growth at the 
polluted site but the spongy parenchyma and veins were poorly developed 
(Table 38). 
Plants of the first collection stage showed no interpopulational 
variation in frequency of the vascular bundles and vessels, or in the 
diameter of vessles in the leaf tip portion. In the second stage, number 
of the vascular bundles in the tip region of old leaves was very little, 
and the horizontal diameter of vessels was significantly greater in the 
polluted material, compared with reference samples. In the third collection, 
vessels wore markedly narrow both vcrlii'ally and liori/onl/illy iil site H 
while the other parameters were mutually equivalent at the two sites 
(Table 39). 
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Table 23 : Root length und root fresh and dry weights of Euphorbia liirta 
collected from the selected sites during three stage of growth. 
Plant Growh 
Stage 
1 
11 
111 
Site 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
Root Length 
( cm ) 
2.3 ±- 0.6 
4.5 ± 1.6 
+ 93.5** 
3.1 ± 1.4 
4.0 ± 1.2 
+ 30.2 
5.3 ± 2.4 
7.5 ± 3.4 
+ 41.7 
Root Fresh 
Weight 
( mg ) 
10 ± 10 
10 ± 10 
00.0 
60 ± 20 
50 ± 20 
- 16.7 
90 ± 40 
150 ± 80 
+ 66.7 
Root Dry 
Weight 
( mg ) 
1 ± 1 
2 ± 1 
+ 100.0** 
10 ± 10 
10 ± 0 
00.0 
40 ± 20 
50 ± 30 
+ 25.0 
** Significant at 1% level 
A : Reference site 
13 : Polluted site 
PV : Per cent variation 
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'ruble 24 : (-ompai'Mlivc diit/i on he iwon oc'C'iipitHl by various lissiK! systems 
-3 2 (x10 mm ) in the root of Euphorbia hirta during three stages of 
Plant 
Growth 
Stage 
I 
II 
III 
growth at sites 
Site 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
Cork Area 
115 ± 76 
35 ± 12 
- 69.6* 
161 ± 48 
142 ± 44 
- 11.8 
88 ± 42 
507 ± 402 
+ 476.1* 
A and B. 
Cortex Area 
120 ± 49 
53 ± 18 
- 55.8* 
156 ± 82 
149 ± 81 
- 4.5 
173 ± 10 
338 ± 129 
+ 95.4* 
Phloem Area 
64 ± 46 
20 ± 9 
- 68.7 
39 ± 24 
69 ± 26 
+ 76.9 
33 ± 3 
119 ± 49 
+ 206.0** 
Xylem 
Area 
303 ± 205 
205 ± 69 
- 32.3 
458 ± 147 
613 ± 259 
+ 33.8 
995 ± 168 
3348 ±1236 
+ 236.5** 
Pith 
Area 
-
-
-
-
-
-
-
-
-
* Significant at 5% level 
** Significant at 1% level 
data not available 
A : Reference site 
B : Polluted site 
PV : Per cent variation 
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Tabic 25 : Coinpurnlivc data on shoot growll) and slioot wciglit of I'^upliorbia 
hirta growing a t the selected si tes, during three stage of 
growth. 
Plant Growh Site Shoot Length Shoot Fresh Shoot Dry 
Stage Weight Weight 
( cm ) ( mg ) ( mg ) 
A 6.7 ± 1.6 170 ± 150 30 ± 20 
I B 3.5 ± 1.1 60 ± 50 10 ± 0 
I'V - 47 .2** - 64.7 - 66.7 
A 9.3 ± 2 840 ± 530 160 ± 60 
II B 20.9 ± 5.5 230 ± 200 110 ± 50 
PV + 124.5** - 72.6** - 31.2* 
A 32.3 ± 18.9 1430 ± 460 360 ± 150 
III B 39.3 ± 12.4 1460 ± 850 370 ± 200 
PV I 21.6 + 2.1 + 2.8 
* Significant at 5% level 
** Significant at 1% level 
A : Reference si te 
B : Polluted si te 
PV : Per cent variation 
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Table 26 : Comparat ive data of area occupied by various tissue syseins 
-3 2 (xlO mm ) in the third internode from the base of stems 
of Euphorbia hirta during three s tages of growth, at two 
selected s i tes . 
Plant Epidermis Cortex Phloem Xylem Pith 
Growth Site Area Area Area Area Area 
Stage 
156 ± 41 260 ± 53 
70 ± 6 6 70 ± 31 
- 55.1* - 73.1** 
A 73 ± 26 1088 ± 502 67 ± 48 213 ± 111 482 ± 127 
II B 20 ± 5 68 ± 51 18 ± 6 306 ± 118 105 ± 21 
PV - 7 2 . 6 * * - 9 3 . 7 * * - 7 3 . 1 + 4 3 . 7 - .78 .2** 
A 39 ± 13 247 ± 127 47 ± 14 843 ± 483 467 ± 215 
III B 81 ± 18 787 ± 243 90 ± 26 1287 ± 410 806 ± 417 
PV + 107.7** + 218.6** + 83.7* + 52.7 + 72.6 
A 
B 
PV 
53 ± 15 
32 ± 14 
- 39.6* 
544 ± 187 
176 ± 36 
- 67.6** 
25 ± 8 
11 ± 8 
- 56.0 
* Significant at 5% level 
** Significant at 1% level 
A : Reference si te 
B : Polluted si te 
PV : Per cent variation 
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-3 2 Table 27 : Comparative area of various tissue systems (xlO mm ) in 
the third apical internode of stems of Euphorbia hirta 
during three stages of growth at the polluted and reference 
site. 
Plant 
Growth 
Stage 
I 
II 
III 
Site 
A 
U 
PV 
A 
B 
PV 
A 
B 
PV 
Epidermis 
Area 
41 ± 9 
25 ± 5 
- 39.0 
25 ± 3 
32 ± 10 
+ 28.0 
36 ± 6 
17 ± 1 
- 52.8** 
Cortex 
Area 
207 ± 145 
228 :t: 89 
+ 10.1 
191 ± 62 
201 ± 38 
+ 5.2 
501 ± 105 
189 ± 67 
- 62.3** 
Phloem 
Area 
17 ± 3 
6 ± 2 
- 64.7** 
8 ± 2 
6 ± 2 
- 25.0 
15 ± 3 
12 ± 1 
- 20.0** 
Xylem 
Area 
110 ± 48 
26 ± 7 
- 76.4** 
29 ± 9 
20 ± 8 
- 31.0 
115 ± 55 
56 ± 9 
- 51.3* 
Pith 
Area 
102 ± 35 
116 i 35 
+ 13.7 
50 ± 8 
87 ± 16 
+ 74.0** 
181 ± 47 
65 ± 42 
- 64.1** 
A : 
B : 
PV : 
Significant at 5% level 
Significant at 1% level 
Reference site 
Polluted site 
Per cent variation 
93 
Table 28 : Frequency of brunching in Euphorbia hirta during three stages 
of growth, a t two seleced si tes. 
Plant Growth Stage Site Branches Plant 
A 1.7 ± 0.5 
I B 2.2 ± 1.8 
PV + 34.7 
A 4.3 ± 2 . 1 
II B 3.4 ± 1.7 
PV - 20.9 
A 6.3 ± 2.3 
III B 6.3 ± 2.3 
PV 00.0 
A : Reference si te 
B : Polluted si te 
PV : Per cent variation 
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Table 29 : Comparative data on foliar morphological features of Euphorbia 
hirta during three stages of growth at selected sites. 
Plant 
Growth 
Stage 
I 
II 
III 
Site 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
Leaves 
Plant" ^  
15.8±3.6 
13,6±7.4 
- 13.9 
49.0119.4 
35.9±8.8 
- 26.7 
58.6±10.3 
94.9±40.8 
+ 61.9* 
Total Green 
Area Plant 
( cm ) 
0.4±0.2 
0.2±0.1 
- 50.0 
0.5-10.4 
0.6±0.3 
+ 28.6 
0.7+0.6 
0.5+0.4 
- 29.3 
Petiole 
Length 
( cm ) 
U.1± 0 
0.1± 0 
00.0 
0,110 
0.2±0 
+ 100.0** 
0.1± 0 
0.1± 0 
00.0 
Leaf Fresh 
Weight 
Plant" ^  
( ndg ) 
120±50 
40+30 
- 66.7** 
3301210 
320± 80 
- 3.0 
350 ± 30 
260 ± 120 
- 25.7 
Leaf Dry 
Weight 
Plant"^ 
( mg ) 
20120 
5±3 
- 75.0 
100170 
50+40 
- 50.0 
70+30 
70+30 
00.0 
* * 
A : 
B : 
PV : 
Signifioaiil at 5% level 
Significant at 1% level 
Reference site 
Polluted site 
Per cent variation 
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Table 30 : Compui-utive dula on area occupied by various tissues 
-3 2 (xlO mm ) and vessel d iameters (jam) in the petioles of 
young leaves of Euphorbia hirta during three stages of growth. 
Parameters 
Epidermis Area 
Ground Tissue Area 
Phloem Area 
Xy lem Area 
Vessel d iameter 
Ver t i ca l 
Hor izonta l 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
I 
26 ± 2 
20 ± 3 
- 2 3 . 1 * 
2U4 ± 77 
100 4 
- 51.0* 
2 ± 1 
2 ± 0 
00.0 
10 ± 2 
5 ± 1 
- 50 .0** 
8 ± 2.7 
6.6 ± 2.1 
- 17.6** 
7 ± 1.6 
6.2 ± 2.3 
- 10.6 
Plant Growth 
I I 
- 23 ± 2 
20 ± 6 
- 13.0 
152 ± 27 
184 ± 14 
+ 21.0 
3 ± 2 
2 ± 0 
- 33.3 
10 ± 4 
18 ± 6 
+ 80.0* 
8.6 ± 2.8 
7.3 ± 1.8 
- 15.0** 
8.2 ± 2.6 
6.7 ± 1.7 
- 18.4** 
Stage 
I I I 
27 ± 5 
17 ± 0 
- 3 7 5 * * 
311 ± 1 9 1 
173 ± 39 
- 44.4 
3 ± 1 
2 ± 0 
- 33.3 
18 ± 7 
10 ± 3 
- 44.4* 
6.9 ± 1.9 
6.8 ± 2.3 
- 2.0 
6.8 ± 1.3 
4.7 ± 1.2 
- 31.8** 
* Significant at 5 96 level 
** Significant at 1% level 
A : Reference si te 
B : Polluted si te 
PV: Per cent variation 
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Table 31 : Comparative data on the area oceupied by various tissues 
-3 2 (xlO mm ) in the middle region of young leaves of Euphorbia 
iiirtn during three 
Parameters 
Epidermis Area A 
B 
PV 
Palisade Area A 
B 
PV 
Spongy Parenchyma Area A 
B 
PV 
Bundle Sheath Area 
(a) Midrib Vein A 
B 
PV 
(b) I Inter costal Vein A 
B 
PV 
(c) II Intercostal Vein A 
B 
PV 
stages of grow 
I 
78.6 ± 8.7 
57.3 ± 6.4 
- 27.1** 
94.8 ±22.1 
49.1 ±16.2 
- 48.2** 
99.8 ±26.7 
43.8 ±11.6 
- 56.1** 
2.5 ± 0.7 
1.5 ± 0.8 
- 40.0 
2 ± 1 
1.6 ± 1.2 
- 20.0 
1.5 ± 1.4 
1.2 ± 0.6 
- 20.0 
th. 
Plant Growth 
U 
44.8 ± 16.5 
77.2 ± 26.1 
+ 72.3* 
74.7 ± 0.6 
106.7 ±40.3 
+ 42.8 
49.3 ±21.1 
141 ±59'.8' 
+ 186.0* 
2.4 ± 1.5 
2.6 ± 2.3 
+ 8.3 
2 ± 1.2 
2.3 ± 1.3 
+ 15.0 
2.4 ± 3.1 
2 ± 1.3 
+ 16.7 
Stage 
III 
713 ± 2.2 
74.4 ± 3.5 
+ 4.3 
95.8 ±22.8 
75 ±14.6 
- 21.7 
81 ±17.4 
67.8 ±12.7 
- 16.3 
1.1 ± 0.3 
1.6 ± 0.9 
+ 45.4 
0.9 ± 0.6 
1 ± 0.4 
+ 11.1 
0.9 ± 0.6 
1.5 ± 1.2 
+ 66.7 
Contd ... 
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Table 31 ( continued ) 
Parameters 
(d) III Intercostal Vein 
(e) Marginal Veins 
Vascular Strand Area 
(a) Midrib Vein 
(b) 1 Intercostal Vein 
(c) 11 Intercostal Vein 
(d) III Intercostal Vein 
(e) Marginal Veins 
A 
B 
PV 
A 
B 
PV 
A 
U 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
I 
1.5 ± 0.6 
1.5 ± 0.6 
00.0 
1.5 ± 0.6 
1.5 ± 0.8 
00.0 
4.8 ± 1.7 
1.4 1 0.3 
- 70.8** 
0.5 ± 0.3 
0.2 ± 0.1 
- 60.0** 
0.9 ± 0.8 
0.3 ± 0.1 
- 66.7 
0.5 ± 0.4 
0.4 ± 0.3 
- 20.0 
0.5 ± 0.2 
0.4 ± 0.1 
- 20.0 
Plant Growth 
II 
3 ± 1.4 
2 * 1.3 
- 33.3 
2.2 ± 0.3 
2 ± 1 
- 9.1 
4.8 ± 0.8 
2.5 ± 1.2 
- 47.9** 
0.2 ± 0.1 
0.5 ± 0.3 
+ 150.0** 
1.6 ± 2 
0.5 ± 0.4 
- 68.7 
0.5 ± 0.4 
0.3 ± 0.2 
- 40.0 
0.3 ± 0.1 
0.5 ± 0.3 
+ 66.7 
Stage 
III 
0.9 ± 0.5 
1.2 ± 0.8 
+ 33.3 
0.7 ± 0.2 
1.1 ± 0.2 
+ 57.1** 
3.1 ± 0.2 
2.7 1 1 
- 12.9** 
0.2 ± 0.1 
0.3 ± 0.1 
+ 50.0** 
0.3 ± 0.3 
0.5 ± 0.3 
+ 66.7 
0.3 ± 0.1 
0.4 ± 0.2 
+ 33.3 
0.3 ± 0.1 
0.3 ± 0 
00.0 
* Significant at 5% level 
** Significant at 1% level 
B : Polluted site 
PV : Per cent variation 
A Reference site 
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Table 32 : Comparison of frequency of vessels and vacular bundles, and 
the diameter of vessel elements ^m) in the middle region 
of young leaves of Euphorbia hirta during three stages 
Plant 
Growth 
Stage 
I 
II 
III 
of growth. 
Site 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
* 
** 
A : 
B : 
PV : 
Veins 
Section 
35.4 ± 5.2 
27.6 ± 9.0 
- 22.0 
37.2 ± 2.8 
31.6 ± 6.8 
- 15.0 
36.0 ± 6.6 
31.4 ± 3.6 
- 12.8 
Significant at 
Significant at 
Reference site 
Polluted si te 
Vessels 
Vein 
164.0 ± 
116.0 ± 
- 29.7* 
136.4 ± 
111.6 ± 
- 18.2 
186.0 ± 
111.6 ± 
- 40.0* 
5% level 
1% level 
t 
Per cent variation 
30.4 
32.5 
26.2 
45.6 
36.2 
40.0 
Vessel Diameter 
Vertical 
5.8 ± 2.5 
6.3 ± 1.8 
+ 8.5 
7.7 ± 2.8 
7.3 ± 2.2 
- 6.3 
7.6 ± 3.0 
6.5 ± 2.5 
- 14.4* 
Horizontal 
5.6 ± 1.9 
5.9 ± 2.0 
+ 4.1 
8.3 ± 2.6 
6.4 ± 1.7 
- 22.4** 
6.6 ± 3.2 
6.7 ± 2.3 
- 2.6 
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Table 33 : Comparative data on the area of various tissues in the 
tip region of young leaves of Euphorbia hirta during three 
stages of growth. 
Parameters Plant Growth Stage 
Epidermis Area 
Palisade Area 
A 
B 
PV 
A 
B 
PV 
Spongy Parenchyma Area A 
Bundle Sheath Area 
(a) Midrib Vein 
(b), I Intercostal Veins 
(c) II Intercostal Veins 
B 
PV 
A 
B 
I'V 
A 
B 
PV 
A 
B 
PV 
1 
43.7 ± 3.6 
26.3 ± 5 
- 39.8** 
39.2 ± 6.6 
31.3 ± 13 
- 20.1 
46.7 ± 3.5 
21.3 ± 1.7 
- 54.4** 
1.2 ± 0.6 
2.1 ± 1.2 
1 7 5 . 0 
1.5 ± 0.6 
1.6 ± 0.7 
+ 6.7 
1.5 ± 1.4 
1.4 ± 0.4 
- 6.7 
11 
27.2 ± 17.8 
26.2 ± 1.1 
- 3.R 
23.5 ± 7.1 
18 ± 4.7 
- 23.4 
28.1 ± 8.2 
23.6 ± 7.7 
- 16.0 
1 ± 0.3 
1.6± 0.3 
1 6 0 . 0 * 
1.1 ± 0.3 
1.1 ± 0.3 
00.0 
0.7 ± 0.3 
0.7 ± 0.3 
00.0 
m 
34.4 ± 8.6 
36.9 ± 3.8 
+ 7.3 
40.8 ± 7 
33.3 ±17.5 
- 18.4 
34.2 ±10.9 
36.1 ±12.5 
+ 5.6 
1 ± 0.4 
1.2 ± 0.9 
1 2 0 . 0 
0.7 ± 0.3 
0.6 ± 0.5 
- 14.3 
0.7 ± 0.4 
1 ± 0.5 
+ 42.9 
Could ... 
Table 33 ( Continued ) 
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Parameters 
(d) III Intercostal Veins 
(e) Marginal Veins 
Vascular Strand Area 
(a) Midrib Vein 
(b) 1 Intercostal Vein 
(c) 11 Intercostal Vein 
(d) III Intercostal Vein 
(e) Marginal Veins 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
I 
1.1 ± 0.4 
2 ± 0,7 
+ 81.8** 
1.2 ± 0.6 
1.2 ± 0.5 
00.0 
1.1 ± 0.6 
0.3 ± 0.1 
- 72.7** 
0.4 ± 0.4 
0.3 ± 0.1 
- 25.0 
0.4 ± 0.4 
0.3 ± 0.1 
- 25.0 
0.3 ± 0.1 
0.4 ± 0.1 
+ 25.0* 
0.4 + 0.1 
0.3 ± 0.1 
- 25.0 
Plant Growth 
II 
1.3 ± 0.6 
0.9 ± 0,6 
- 30.8 
1.1 ± 0.1 
0.8 ± 0.2 
- 27.3* 
0.7 ± 0.4 
0.5 ± 0.2 
- 28.6 
0.3 ± 0.1 
0.2 + 0.1 
- 33.3* 
0.3 ± 0.1 
0.2 ± 0.1 
- 33.3* 
0.2 ± 0.1 
0.3 ± 0.1 
+ 50.0* 
0.3 ± 0.1 
0.3 ± 0.1 
00.0 
Stage 
III 
0.6 ± 0.3 
1.1 ± 0.6 
+ 83.3* 
0.6 ± 0.2 
1.0 ± 0.1 
+ 66.7** 
0.8 ± 0.9 
0.4 ± 0.2 
- 50.0 
0.3 ± 0.1 
0.3 ± 0.3 
00.0 
0.4 ± 0.3 
0.3 ± 0.2 
- 25.0 
0.3 ± 0.9 
0.4 ± 0.2 
+ 33.3 
0.2 + 0.0 
0.3 ± 0.1 
+ 50.0** 
* Significant at 5% level 
** Significant at 196 level 
A : Reference si te 
B : Polluted site 
PV : Per cent variation 
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Table 34 : Comparative data on the frequency of vascular bundles, 
vessels and vessel diameter ^m) in the tip region of 
young leaves of Euphorbia hirta during three st iges of 
growth. 
Plant 
Growth 
Stage 
Site 
Veins 
Section - 1 
Vessels 
Section - 1 
Vessel Diameter 
Vertical Horizontal 
A 
B 
PV 
16.4 ± 1.8 77.6 ± 11.4 5.2 ± 1.9 5.1 ± 1.9 
10.4 ± 3.2 50.6 ± 12.7 5.3 ± 1.6 5.7 ± 1.8 
- 36 .6** - 34 .8** + 1.3 + 11.3 
II 
A 
B 
PV 
18.0 ± 3.4 40.2 ± 4.0 6.6 ± 1.9 5.6 ± 1.5 
10.0 ± 2.7 24.2 ± 2.6 4.9 ± 1.4 5.3 ± 1.9 
- 44 .4* * - 39.8** - 25.5** - 4.1 
III 
A 
B 
PV 
13.4 ± 0.9 53.8 ± 4.1 6.1 ± 2.6 5.0 ± 1.8 
17.0 ± 2.9 60.4 ±20.4 4.4 ± 2.1 4.3 ± 2.1 
+ 26.9* + 12.3 - 27.9** - 14.0 
* * 
A 
B 
PV 
Significant at 5% level 
Significant at 1% level 
Reference site 
Polluted site 
Per cent variation 
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Table 35 : Comparative data on the area of various tissues (xlO mm ) 
and vessel diameters (|Um) in the petioles of old leaves 
of Euphorbia hirta during three stages of growth at two 
selected sites. 
Parameters 
1 
Plant Growth Stage 
11 111 
Epidermis Area A 
B 
PV 
27 ± 3 26 ± 7 23 ± 3 
26 ± 5 54 ±6 19 ± 2 
- 3.7 + 107.7** - 17.4 
Ground Tissues Area 
Phloem Area 
Xylem Area 
Vessel Diameter 
(a) Vertical 
(b) Horizontal 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
* 
** 
A 
Significant at 5% level 
Significant at 1% level 
Reference site 
264 ± 59 
188 ± 38 
- 28.8* 
3 ± 1 
4 ± 1 
- 33.3 
11 ± 2 
16 ± 3 
+ 45.4** 
7.5 ± 3.9 
8.6 ± 2.8 
+ 15.1 
7.8 ± 2.4 
6.7 ± 2.3 
- 14.9* 
195 ±55 
515 ± 49 
+164.1** 
3 ± 2 
3 ± 2 
00.0 
13 ± 4 
36 ± 1 
+ 176.9** 
8.6 ± 2.2 
10.8 ± 2.9 
+ 25.4** 
8.7 ± 2.4 
9 ± 3 
+ 3.7 
208 ± 25 
150 ± 64 
- 27.9 
6 ± 5 
4 ± 1 
- 33.3 
24 ± 5 
15 ± 6 
- 37.5 
8.3 ± 2 
9.2 ± 3 
+ 10.7 
7.8 ± 1.5 
8.8 ± 2.6 
^ 12.0* 
B : Polluted site 
PV : Per cent variation 
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-3 2 Table 36 : Comparative area of various tissues (xlO mm ) in the middle 
region of old leaves of Euphorbia hirta during three stages 
of growth. 
Parameters Plant Growth Stage 
Epidermis Area 
Palisade Area 
A 
B 
PV 
A 
B 
PV 
Spongy Parenchyma Area A 
Bundle Sheath Area 
(a) Midrib Vein 
(b) I Intercostal Veins 
(c) 11 Intercostal Veins 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
I 
109.1±10.9 
104.1± 7.8 
- 4.6 
154.2±18.5 
142.2±27.1 
- 7.8 
158.5±29.2 
127.8±55.2 
- 19.4 
1.510.3 
4.1±2.6 
+ 173.3* 
1.5±0.4 
2.7±1.5 
+ 80.0* 
1.5±0.3 
2 ±0.8 
+ 33.3 
U 
180.5±19 
191.0±31.3 
+ 5.9 
310.5±56.1 
334.3±79.8 
+ 7.7 
303.7±63.2 
352.1±78 
+ 15.9 
3.211.5 
5.211.1 
+ 62.5* 
2.711.1 
4.912.1 
+ 81.5** 
2.610.7 
6.512.4 
+ 150.0** 
III 
117.8112.3 
111.3114.1 
- 5.5 
213.8151.2 
159.6137.4 
- 25.3 
215.8180.8 
167.4145.7 
- 22.4 
1.311 
3.712.9 
+ 184.6 
1.911.4 
1.410.6 
- 26.3 
1.711.2 
1.510.6 
- 11.8 
Contd .... 
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Table 36 { Continued ) 
Parameters 
(d) 111 Intercostal Veins 
(e) Marginal Veins 
Vascular Strand Area 
(Q) Midrib Vein 
(b) 1 Intercostal Veins 
(c) 11 Intercostal Veins 
(d) 111 Intercostal Veins 
(e) Marginal veins 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
I 
1.4 ± 0.4 
2.5 ± 1.2 
+ 78.6* 
1.6 ± 0.2 
2.3 ± 0.5 
+ 43.7** 
8.4 ± 2.4 
5.8 ± 1.7 
- 30.9* 
0.4 ± 0.1 
0.4 ± 0.2 
00.0 
0.3 ± 0.1 
0.3 ± 0.1 
oo.o 
0.3 ± 0.1 
0.4 ± 0.2 
+ 33.3 
0.5 ± 0.1 
0.6 ± 0.2 
+ 6.7 
Plant Growth 
11 
2 ± 0.5 
4.4 ± 1.8 
+ 120.0* 
2.5 ± 0.4 
4.6 ± 0.9 
+ 84.0** 
7.4 ± 1.7 
15.1 ± 7.9 
+ 104.0 
0.5 ± 0.2 
1 ± 1 
+ 100.0 
0.4 ± 0.1 
1.6 ± 1.5 
+ 300.0* 
0.3 ± 0.1 
0.9 ± 0.7 
+ 200.0** 
0.6 ± 0.1 
1.1 ± 0.5 
+ 83.3* 
Stage 
HI 
1.3 ± 0.7 
1.5 ± 0.9 
+ 15.4 
1.5 ± 0.6 
1.5 ± 0.4 
00.0 
7.6 ± 2.2 
4.1 ± 4.1 
- 46.0 
0.5 ± 0.4 
0.3 ± 0.1 
- 40.0 
0.8 ± 0.6 
0.3 ± 0.1 
- 62.5* 
0.5 ± 0.4 
0.3 ± 0.3 
- 40.0 
0.6 ± 0.1 
0.3 ± 0.1 
- 50.0** 
* Significant at 5 96 level 
** Significant at 1% level 
A : Reference site 
U : Polluted site 
PV : Per cent variation 
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Table 37 : Comparative data on the frequency of vascular bundles and 
vessels and on the diameter of vesels (/um) in the middle 
region of old leaves of Eupliorbiu hirta during three stages 
Plant 
Growth 
Stage 
I 
II 
III 
of growth. 
Site 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
* 
A : 
B : 
PV : 
No of Veins 
Section 
36.0 ± 7.6 
45.4 ± 7.1 
+ 26.1 
60.4 ± 11.0 
51.0 ± 5.9 
- 15.6 
42.6 ± 4.9 
40.4 ± 4.8 
- 5.2 
Significant at 5% 
nefcrence si te 
Polluted si te 
Per cent variation 
No. of Vessels 
Section 
170.0 ± 44.3 
245.4 ±46.3 
+ 44.2* 
268.8 ± 47.2 
285.2 ± 77.0 
+ 6.1 
208.8 ± 12.4 
197.2 ± 25.8 
- 5.6 
level 
Vessel Diameter 
Vertical 
6.8 ± 3.2 
7.5 ± 2.7 
+ 9.8 
7.7 ± 2.6 
9.3 ± 3.6 
+ 20.5* 
7.4 ± 2.5 
7.9 ± 2.4 
+ 6.2 
Horizontal 
7.0 ± 3.0 
6.5 ± 2.1 
- 7.4 
8.5 ± 3.3 
8.4 ± 3.6 
- 1.5 
7.2 ± 2.4 
7.9 ± 2.7 
+ 8.6 
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Table 38 : Comparat ive data on area of various tissues (xlO nun ) in the 
t ip region of old leaves of Euphorbia hirta during three stages 
of growth, at two selected si tes . 
Parameters Plant Growth Stage 
I II 111 
Epidermis Area 
Palisade Area 
A 
B 
PV 
A 
B 
PV 
Spongy I'ni'cMiohyMwi Avcn A 
B 
PV 
Bundle Sheath Area 
(a) Midrib Vein A 
B 
PV 
(b) I Intercostal Veins A 
B 
PV 
(c) II Intercostal Veins A 
B 
PV 
35.1 ± 4.7 
36.4 ± 8 
+ 3.7 
45.8 ± 9.7 
33.4 ± 10.8 
- 27.1 
'\?.A) I 11.8 
33.4 ± 10 
- 22.1 
1.6 ± 0.5 
1.7 ± 1.2 
+ 6.2 
1.3 ± 0.4 
1.7 ± 0.6 
+ 30.8 
1.7 ± 1 
1.6 ± 0.5 
- 5.9 
34.2 ± 2.4 29.8 ± 7.4 
48.9 ± 21.5 40.4 ± 6.7 
+ 43.0 + 35.6** 
30.0 ± 13.9 34.1 ± 4.4 
72.3 ± 36 28.5 ± 7.2 
+ 80.7 - 16.4 
40.7 I ll.:t 5!).7 I \.?. 
65.3 ± 74.4 26.0 ± 7.8 
+ 60.4 - 56.4** 
1.9 ± 0.7 
6 ± 3.4 
+ 215.8 
1 ± 0.8 
5 ± 2.1 
+ 400.0** 
0.7 ± 0.2 
3 ± 2.1 
+ 328.6** 
1.1 ± 0.4 
1.3 ± 0.4 
+ 18.2 
1.3 ± 0.8 
1.5 ± 0.0 
+ 15.4 
2.2 ± 1 
1.1 ± 0.5 
- 50.0* 
Contd ... 
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Table 38 ( Continued ) 
Parameters 
(d) III Intercostal Veins 
(e) Marginal Veins 
Vascular Strand Area 
(a) Midrib Vein 
(b) I Intercostal Veins 
(c) 11 Intercostal Veins 
(d) III Intercostal Veins 
(e) Marginal Veins 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
B 
PV 
A 
H 
PV 
I 
1.3 ± 0.2 
2.2 ± 0.9 
+ 69.2 
0.6 ± 0.2 
0.8 ± 0.6 
+ 33.3 
0.6 ± 0.2 
0.8 ± 0.6 
+ 33.3 
0.3 ± 0.1 
0.3 ± 0.2 
00.0 
0.3 ± 0.2 
0.4 ± 0.1 
+ 33.3 
0.2 ± 0.1 
0.3 ± 0.1 
+ 50.0* 
0.3 ± 0.1 
0.5 1 0.3 
+ 66.7 
Plant Growth 
II 
1.1 ± 0.4 
3.3 ± 1.4 
+ 200.0** 
1.2 ± 0.7 
3.2 ± 1.9 
+ 166.7 
1.4 ± 0.2 
1.1 ± 0.9 
- 21.4 
0.5 ± 0.2 
1 ± 0.4 
+ 100.0** 
0.3 ± 0.1 
0.5 ± 0.3 
+ 66.7 
0.3 ± 0.1 
0.5 ± 0.3 
+ 66.7 
0.4 ± 0.1 
0.5 + 0.2 
+ 25.0 
Stage 
III 
1.5 ± 0.5 
1.2 ± 0.4 
- 20.0 
1.1 ± 0.8 
0.8 ± 0.2 
- 27.3 
1.5 ± 0.4 
0.6 ± 0.3 
- 60.0** 
0.8 ± 0.4 
0.2 ± 0.1 
- 75.0* 
1.1 ± 0.5 
0.2 ± 0.1 
- 81.8** 
0.6 ± 0.2 
0.2 ± 0.1 
- 66.7** 
0.4 ± 0.1 
0.2 + 0.0 
- 50.0** 
* RlRnirionnl nt 5% lovol 
** Signilicunt ut \% level 
A : HoCofpnco silo 
B : Polluted si te 
PV : Per cent variation 
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Table 39 : Comparative data on liie frequency of vascular bundles and 
vessels and the diameter of vessels (/um) in the tip region 
of old leaves of Euphorbia hirta during three stages of growtli. 
Plant 
Growth 
Stage 
I 
11 
111 
Site 
A 
B 
PV 
A 
B 
PV 
A 
U 
PV 
Veins 
Section 
13.0 ± 3.5 
13.4 ± 1.9 
+ 3.1 
20.6 ± 6.1 
12.0 ± 2.7 
- 41.7* 
14.2 ± 0.8 
16.2 ± 3.3 
+ 14.1 
Vessels 
Vein 
54.2 ± 
51.6 ± 
- 4.8 
56.0 + 
48.8 ± 
- 12.9 
63.8 ± 
61,4 1 
- 3.8 
9.1 
8.3 
4.0 
7.8 
2.9 
17.2 
Vessel Diameter 
Vertical 
4.6 ± 2,0 
4.6 ± 1,2 
00,0 
5.1 ± 1.4 
5.6 ± 2.6 
+ 10.2 
7.1 ± 2.2 
4.7 ± 1.5 
- 33.8** 
Horizontal 
4.4 ± 1.6 
4.8 ± 1.4 
1 8,6 
4.8 ± 1.3 
6.1 ± 2.9 
+ 26.6** 
6.0 ± 2.9 
5.0 1: 1,6 
- 15.9** 
* * 
A 
B 
PV 
Significant at 5% level 
Significant at 196 level 
Reference site 
Polluted site 
Per cent variation 
DISCUSSION 
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D I S C U S S I O N 
Air pollution effects on vegetation may be acute, chronic or subtle. 
While the first two are identified by the visible symptoms, subtle effects 
are evaluated only by the measurements of physiological parameters, 
growth and yield, Phytotoxic pollutants, including the photochemical 
oxidants present in the atomsphere cause major alterations in the allocation 
of dry matter to different plant parts, causing substantial differences 
in the balance of growth between roots, shoots and leaves, the latter 
two normally gaining at the expense of roots. Changes in morphology 
and the internal anatomy of shoots and roots due to single and combined 
effects of various pollutants have been recorded by many. Studies on 
the responses of grasses to SO„ have emphasized upon the difficulty 
to estimating the magnitude of the response because of the way these 
are altered by other factors such as light, temperature and the stage 
of development (Bell, 1982; Jones and Mansfield, 1982). Susceptibility 
to NO„ injury is enhanced by low light intensity, because the cnci-gy 
dependent enzymes which reduce nitrate to nitrite in the leaf to the 
ammonical form are not fully active. In the dark and under low light 
(on cloudy days), less amount of N0„ is required to produce the acid 
burn type injury symptoms than in full sun exposures (l^ylor, 1977). 
Khoshoo (1981), and Khoshoo and Ahmad (1981) discussed the 
phytotoxicity and mutagenicity of pollutants and sugggested the use 
of plants as indicators, monitors and mitigators of air pollution. I'icld 
exploration is being carried out by the All India Co-ordination Council 
Project in the polluted areas of the country. The National Botanical 
110 
Research Institute (N.B.R.I.), a component of this project, has laid emphasis 
on investigations in the polluted areas especially those in Aligarh, Kanpur, 
Lucknow, Mirzapur and Varanasi districts of Uttar Pradesh. One such 
study is the one in hand. 
EXTERNAL FOLIAR SYMPTOMS 
Brandt and Hcci< (1968) categorised the visible injury us : 
(a) leaf tissue collapse with necrotic patterns (b) chlorosis or other 
colour changes, and (c) growth alterations. Air pollutants pass through 
the intercellular spaces of mesophyll cells causing necrosis, chlorosis, 
curling and stippling (Costonis, 1971; Chaphekar and Karabhari, 1974; 
Crittenden and Read, 1978; Reinert and Henderson, 1980). 
Chlorotic mottling and needle tip necrosis (Dochinger and Arner, 
1978), basal needle necrosis (Edmunds and Alstad, 1985) and tip necrosis 
together with symptoms of yellowing and mottling of needles (Armentano 
and Menges, 1987) were observed in pine species under pollution stress. 
Seedlings of sitka spruce showed a high degree of needle loss after 
exposure to simulated acid rain for two years (Ashenden and Bell, 1988). 
Injury symptoms on broad-icavcd species may appear on cither 
of the leaf surfaces or bifacially on young and old leaves. Ozone injury 
occurs first in the most photosynthetically active tissues, i.e. in the 
palisade tissues. Lesions may be light or dark brown, black, purple 
or red, often limited to small groups of cells. Severe ozone injury 
typically appears as white flecks on upper surface of old leaves as well 
as on cotylendons of tobacco, onion, oat and squash and as a brown 
I l l 
or black stipple on leaves of beans, potato and grape (Leone, 1977). 
Two or more pollutants may act simultaneously on the same 
plant; the intensity of the effect of a combination of air pollutants 
may be equal to, greater than, or lower timn the sum of tiie effect 
intensities of the pollutants when these are applied in the same concentra-
tions and conditions but separately. Moreover, combination effects 
may be different for mixtures of the same pollutants, compared with 
separate effects of their components. High concentrations of NO„ (above 
3-4 ppm pi 1 ) can cause an acute injurious effect on plant leaves 
probably through accumulation of nitrite (Kato et al., 1974). A threat 
to crop prodution may result when N0„ is combined with other pollutants, 
(Amundson and MacLean, 1982). Amundson (1983) expressed the view 
that necrotic lesions on leaves, usually associated with an acute S0„ injury, 
were numerous in the treatments with higli S0„ alone, while bronzing 
of leaves was more common in the treatments of high SO„ + NO„. 
Bifacial necrotic lesions appeared on the middle and lower leaves of 
Vigna sinensis exposed to S0„ (Kumar and Singh, 1986). Formation 
of necrotic lesions on tomato leaves, treated with hih concentration of 
CO2 was reported by Thomas (1955). Acute symptoms of tip necrosis 
and chronic symptoms of yellowing and mottling appeared in leaves 
of rice plants grown in the ceramic and brictc industry area of Taiwn 
(Sun and Su, 1985). Bronzing was found to be the pre-dominant symptom 
due to ozone injury, and to result in a pre-mature leaf drop (Ensing 
et al., 1986). 
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In llio i^ rosoTil study, nl oiuMi of llio llipoc stn(',os of plnnl 
development both the investigated species showed a pre-mature defoliation 
and such injury patterns as bronzing, chlorosis and necrosis on either 
surface or both surfaces of leaves. These injury symptoms were more 
severe in the third stage collections from tlie polluted site. 
ROOT GROWTH 
Unequal partitioning of photosynthates under disturbed environ-
mental conditions causes imbalanced growtth between roots and shoots. 
Rogers et al. (1983) studied responses of some selected plant species 
to an elevated C0„ in the field and found the growth of all plant parts, 
especially the roots, to be stimulated by the elevated CO„ levels. 
A similar stimulation in root length of Vigna sinensis was observed in 
the early stages of growth when the plants were exposed to SO„ (Kumar 
and Singh, 1986). Laboratory experiments conducted by Sahai et al. 
(1985) to determine the pollution effect of distillary waste on growth 
behaviour of Phaseolus rajiatus showed that the length of roots was 
considerably increased when the plants were treated with 5% effluent. 
Phaseolus aureus to-, did not show any inhibitory effect of S0„ and 
HF on the root development in the early stages of growth (Sharma 
and Rao, 1985). 
Teh and Swanson (1982) suggested that plants put greater priority 
to the growth of shoots than roots under the stress of environmental 
pollution. Heavy losses in root growth occur due to the presence of 
toxic gases and fly ash in the environment (Chaphekar and Karbhari, 
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1974; Mhatre and Chaphekar, 1976; Banerji and Chaphekar, 1978; Oshima 
et al., 1978). Lolium perenne, under the stress of ammonia pollution, 
showed a greater loss in root growth at the young and middle growth 
stages than in the more advanced stages (Bell et al., 1979; Razn and 
Bano, 1981). The root growth and root dry weight reductions were 
also reported in Gossypium hirsutum (Oshima et al., 1979), Phleum ^r^JLcrise 
(Jones and Mansfield, 1982a, iy82b), Ruphuiius sutivus (Adcdipc and Ormtod, 
1974; Walmsley et al., 1980; Rienert and Gray, 1981; Rienert et al., 1982), 
Poa pratensis (Whitmore and Mansfield, 1983), Phaseolus vulgaris (Bytnerowicz 
and Taylor, 1983; Patrick et al., 1985), Popular deltoides (Riech and 
Lassoie, 1985), Helianthus annus and Zea mays (Okano et al., 1985), 
corn and soybean seedlings (Shukla and Mishra, 1986), mature plants 
of Vigna sinensis (Kumar and Singh, 1986) birch clones (Wright, 1987) 
and two potato cultivars (Petitte and Ormrod, 1988). Lechowicz (1987) 
found that root biomass was reduced more than shoot biomass in the 
plants exposed to S0„ or O,.. 
A considerable reduction in root growth has been reported 
in a number of weeds growing wild in the locality of the Thci'mal Power 
Plant Complex of Kasimpur. Such losses were observed in Melilotus 
indica (Ghouse and Khan, 1983), Solanum nigrum (Ghouse and Khan, 1984), 
Chenopodium album (Khan, 1985), Anagallis arvensis (Khan and Ghouse, 
1988) and in certain vegetable crops (Gupta, 1981). 
The present study reveals a considerable increase in root growth 
(fresh and dry weights) during early stages of growth in both Amaranthus 
viridis and Euphorbia hirta at the polluted site, equalled that at the 
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reference site. 
HOOT ANATOMY 
The size of fibres and vessel elements in roots of Amarnanthus 
viridis showed a negative correlation with the environmental stress at 
all the selected stages of plant development analysed in the present 
study. On the contrary, the polluted atmosphere favoured the development 
of fibres and vessel elements in the roots of Euphoribia hirta during 
the early and middle stages of growth but hardly caused any cell size 
variation in the late growth stages. 
The frequency of primary and secondary vascular bundles in 
roots of _A_. viridis rcmuiiicd unultcrcd in tlic first stage of plant growtli, 
but showed an appreciable increase in the second and third growth stages 
at the polluted site. 
No attempt has so fnv been made to study the microtnorpliological 
variations, due to environmental stresses, within the roots and hence 
there is no relevant literature to refer to. 
Development of various tissues in the roots of both Amaranthus 
virids and Euphorbia hirta was not favoured initially at the polluted 
site. However, with the advancement of age, i.e., during the middle 
and late developmental stages, the various tissues covered the lag in 
growth and showed a better development than in the reference populations. 
This was the maiden attempt to analyse the relative expansion 
of root tissues. 
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SHOOT GROWTH 
Aerial parts of a plant come in direct contact with the harshness 
of environment bringing into view shoot injury symptoms. However, 
barks of some plants act as accumulators of various heavy metals present 
as contaminants in the atmosphere. Samples of 29 trees of five different 
species were found to liuvo nccumulnled metals like zinc, lead, cadmiutn 
and copper (Ademoroti, 1986). 
Phytotoxic effects of pollutants causing a reduction in extension 
and in fresh and dry weights of shoot have been studied in sunflower 
plants (Shimizu et al., 1980), Phleum pratense (Jones and Mansfield, 
1982a, 1982b), Solanum nigrum (Ghouse and Khan, 1984), spring barley 
(Pande and Mansfield, 1985), Populus deltoides (Riech and Lassoie, 1985), 
Chenopodium album (Khan, 1985), Phaseolus vulgaris (Patrick et al., 1985), 
Abelmoschus esculentus (Gupta and Ghouse, 1986), Zea mays and Glycine 
max (Shukla and Mishra, 1986), Euphorbia hirta (Gupta and Ghouse, 1987), 
American Aspen (Keller, 1988), Salvia shrubs (Preston, 1988) and tomato 
plants (Goodyear and Ormrod, 1988). 
According to Teh and Swanson (1982), shoot growth gained 
greater priority as compared to root growth under the stress of environmen-
tal pollution. Amaranthus graecizans growing under the influence of 
different concentrations of SO^ was identical to control plants in general 
growth and vigour even at 10 ppm of SO^ (Yunus et al., 1981). Rogers 
et al. (1983) reported that the stem of certain plants growing under 
elevated CO^ concentrations showed a stimulated growth. The shoot 
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growth of certain species like Ilolcus lanatus, Agrostis teiiius, I'estuca 
rubra and Bromus mollis was increased in the vicinity of n thermal 
power plant probably due to high concentration of sulphur, nitrogen and 
other cations in the atmosphere, (Iqbal, 1984). Similar enliancement 
in shoot growth was noted in Fraxinus americana and R Pennsylvania, 
(Elliott et al., 1987) and in Soybean and Sweetgum (Rogers et al., 1983). 
A slight stimulation in shoot length was observed in Vigna sinensis when 
plants were exposed to S0„ during early stages of growth (Kumar and 
Singh, 1986). Larsen et al. (1985) reported that acid rain produced 
taller plants in certain species. Likewise, acidified water similar to 
acid rain caused a rapid elongation of the first internode of Zea mays 
(denOuter and Boersma, 1987). 
Shoot elongation in Ribes uva-crispa was reduced by 60.4% over 
that of control plants, when exposed to sulphur dioxide at 44 p.p.li.m., 
while the shoot growth of Ribes rubrum and Prunus avium was reduced 
by 52.8 and 28.5%, respectively, under similar conditions (Guderian and 
Stratmann, 1968). Short term exposures to S0„ did not decrease height 
growth in Taxodium distichum (Shanklin and Kozlowski, 1985) but it 
did in the seedlings of Larix leptolepis,Pinus densiflora and Pinus thumbergii 
(Tsukahara et al., 1984). Navel orange seedlings, exposed continuously 
for two years to 1-5 p.p.b. fluoride, had no change in the normal growth 
of plants. (Brewer et al., 1961). 
Shoot growth of Amaranthus viridis and Euphorbia hirta, in the 
present study, was adversely affected by the hostile environmental conditions 
at the polluted site at nil three stages of collection. However, in the 
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second collection, shoots of Euphorbia liirta slmwed a relatively lust 
elongation at the polluted site. 
STEM ANATOMY 
The ill developed plant parts such as shoots and roots usually 
exhibit a suppressed growth of the component cells, eg., fibres and vessel 
elements. Investigations on plants growing under stressed conditions have 
revealed development of short vessels in Polygonum glabrum (Khan et al., 
1984), Chenopodium album (Ghouse et al., 1985), Croton bonplandianum 
(Mahmooduzzafar et al., 1986), Cassia occidenalis (Iqbal et al., 1987) and 
Syzygium cuminii (Gupta et al., 1988). Markedly narrow fibres developed 
in the pollued samples of Polygonum glabrum (Khan et al., 1984),Chenopodium 
album (Ghouse et al., 1985) and Croton bonplandianum (Ghouse et al., 1986). 
Some times polluted environmental conditions may even favour 
plant development. An increase in the width ofvessels and fibres under 
polluted conditions was reported for Sida spinosa (Mahmooduzzafar et al., 
1986), Achyranthes aspera (Malimooduzzafar et al., 1987) and Cassia tora 
(Iqbal et al., 1987). 
The present study reveals that in the third basal internode 
of the stem, fibres became narrower and elongated with the passage 
of time, whereas vessel elements became wider in the polluted samples 
of Amaranthus viridis, compared to the corresponding cells of reference 
plan.ts. In Euphorbia hirta, fibre lengh increased but fibre width was 
not altered, while vessels developed broader lumen in the polluted samples 
when plants gained maturity. 
Though air pollutants are known to reduce plant growth, yet 
growth analyses of Poa pratensis and other grasses exposed to S0„ and N0„ 
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have shown that compensatory mechanisms operate to counteract tlie 
reduced growth efficiency (Whitmore and Mansfield, 1983). Similarly, 
no adverse effect of pollution was noticed on stem diameter during 
a three year study on seedlings of Fraxinus nmericana and j ^ . pcnnsylvanin 
exposed to the ambient ozone (Elliott et al., 1987). 
However, an overall reduction in tlie proportion of din'crcnl 
tissue systems under the stress of environmental pollution was observed 
in Chenopodium album (Khan et al., 1984; Ghouse et al., 1985), Croton 
bonplandianum (Ghouse et al., 1986), Calotropis gigantia (Iqbal et al., 
1986), Polygonum glabrum (Mahmooduzzafar et al., 1987), Achyranthes 
aspera (Iqbal et al., 1987) and Abelmoschus esculentus (Gupta and Ghouse, 
1987). A positive response concerning the development of various tissue 
systems in stems of those plants growing under the polluted conditions 
was reported in Sida spinosa (Mahmooduzzafar et al., 1986) Cassia 
occidenalis (Iqbal et al., 1987), and Achyranthes aspera (Mahmooduzzafar 
et al., 1987). 
During tiie first two stages of growth Arii/U7itithus v^ iri^ Mj^  /ind 
Euphorbia hirta showed negetative responses to the polluted conditions 
in terms of development of various tissues as observed in tlie tliird 
basal internode of the stem. However, with prolonged exposures, the 
losses were overcome possible by the compensatory mechanisms operating 
within the plants and consequently the growth rates of various tissues 
gained over those in the reference plants. 
Vessel elements and fibres in the upper internodes (tliird from the 
apex) of the stem of Amaranthus viridis were broader at the polluted 
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site, during the early stage of growth. As the plants grew older, the 
vessel dinmetor nnd fibre length expericiiecd a loss iiiidcr the stressed 
conditions. On the other hand, Euphorbia hirta developed short and 
narrow vessel elements and fibres during the early as well as late 
growth stages, with some compensation being apparent in the middle stage 
of growth at the polluted site. No anatomical probe has been undertaken 
on this pattern in the past. 
The area occupied by certain major tissues in the third apical 
internode was reduced in the polluted samples of AniarunUius viridis 
during the early stages of plant development, compared to the corresponding 
stem part collected from the normal site. In the mature stage, however, 
the overall transectional area showed a marked increase over that of 
the reference plants. However, development of tissues in the polluted 
samples of Euphorbia hirta suffered a setback throughout the plant develop-
ment, as compared to normal samples. 
FOLIAR RESPONSES 
Air pollutants stimulate formation of abscission layers, leading 
to a pre-maturc loaf fall (Zimmerman, 1950). Premature leaf fall has 
been reported also by several other workers such as Brown and Escombe 
(1902), Koritz and Went (1953), Taylor and Eaton (1966), Menser et ul. (1966) 
Rao (1972), Lai and Ambasht (1980), Ensing et al. (1985), Freer-Smith 
(1985), Gupta and Ghouse (1987), Khan and Khair (1984, 1985) and Ghouse 
and Khan (1983). Small leaf size has been repeatedly associated with 
exposures to fluorides. For example, trees of Pinus sylvcslris stands 
120 
gfowing in an area wliere total annual fluoride emissions from tlie nearby 
2 
aluminium founderies were estimated at 500 mg/m , had short needles. 
(Ferlin et al., 1982). Continuous exposure for two years navel orange 
seedlings to 1-5 p.p.b. fluoride reduced tlic average leaf size by 25-35% 
(Brewer et al., 1961). Small leaf size and leaf necrosis were noted 
in Acer plantanoidcs, Carpinus betulus, Picea abics and Qucrcus robur 
trees exposed to IICI, Nil.CI and ZnCI„ emitted by a galvanising plant. 
(Dassler and Boritz, 1982). SO„ reduces leaf expansion and hence the 
total green area per plant (Ashenden, 1978; Heck et al., 1981). Likewise, 
ozone was found to reduce relative leaf area in silver maple and eastern 
cotton wood trees (Jensen, 1982). Similar results were obtained on 
Lycopersicon esculentum (Stratigakos and Ormrod, 1985) and three Eucalyptus 
species (Murray and Wilson, 1988). A reduction in leaf fresh weight 
during the 4-6 leaf stage in tomato was noted by Goodyear and Ormrod 
(1988), when plants were exposed to NO^ and 0„ . Loss in leaf dry 
weight as a result of the polluted atmosphere was reported in tobacco 
(Menser et al. 1966), pine species (Dochinger and Seliskar, 1970), Mangifera 
indica (Rao, 1972), Pinus resinosa (Constantinidou et al., 1976), J2^ncl^ Us 
glomerata (Ashenden, 1978), Psidium guajava (Lai and Ambasht, 1980), 
Melilotus indica (Ghouso and Khan, 1983), Ai-achis hypogca (lousing el al., 
1985), Desmodium triflorum (Khan and Khair, 1985a), Gomphrena celosioides 
(Khan and Kliair 1985b), iio^uhis^ deltoidcs trichocarpa (iloich and Lassoio, 
1985), birch clones (Wright, 1987), American Aspen (Keller, 1988) and 
Salvia (Preston, 1988). Increasing the time of exposure to S0„ is much 
more harmful than increasing the SO^ concentration (Constaninidou et al., 
1976). 
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Chronic exposures to concentrations of air pollution often insufficient 
to cause visible injury have sometimes been reported to stimulate leaf 
production. Formation of new leaves v;as favoured in Daucus carota 
when plants were exposed to intermittent doses of 0,> (Bennelte and 
Oshima, 1976). Certain grasses, when treated with SO^ alone and in 
combination with NO„, showed an increase in leafiness (Whitmore and 
Mansfield, 1983). Melilotus indicus showed an increase in the total leaf 
area plant with increase in age of plants under polluted conditions 
(Khan, 1985). 
increased leafiness and increased fresh and dry weights of leaves 
have been observed in the polluted samples of Amaranthus viridis during 
the early stage of growth, while the reverse applied to Euphorbia hirta. 
Nevertheless, at later stages of growth, E. hirta responded positive 
to the polluted conditions, and the number of leaves became more than 
double their number in reference plants. 
ANATOMY OF YOUNG LEAVES 
Tissue development in the leaf petioles was acceleraed under 
the polluted environmental conditions in Amaranthus viridis, whereas 
this was retarded, on the whole, in Euphorbia hirta at each of the selected 
stages of plant development. In the _A. viridis, vessels were significantly 
broad until the middle stage of growth, but with prolonged exposures 
to the polluted conditions, narrow vessels formed in petioles of both 
the species. 
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Expanding leaves and expanded leaves absorb similar amounts 
of pollutants per unit area, yet the expanding (young) leaves exliibit 
much less injury than the expanded (old) leaves (Bressan et al,, 1978), 
In Cucurbitncene, young leaves were found to be rosist/uit to itijufy 
caused by the acute exposure to SO„, because the young leaves had 
a high capacity to reduce SO™ to IKS (Sei<iya et al., 1982). Another 
reason for resistance to air pollutants by young leaves may be attributed 
to the fact that stomata of the expanding leaves closed more frequently 
during pollutant exposures than stomata of the expanded leaves as was 
seen in Pisum sativum (Olszyk and Tibbitts, 1981). 
Contrary to the above, Lycopersicon esculentum was found 
to be more sensitive to 0„ at the three leaf stage than at the five 
or seven leaf stage (Khatamian et al., 1973), It was reported by Armentano 
and Menges (1987) that juvenile trees of Pinus bani<siana and P_. strobus 
showed greatest foliar injury as a result of ozone and sulphur dioxide 
injury. Needle tissue of young rapidly expanding ponderosa pine was 
most susceptible to PAN injury (Taylor, 1977). 
Palisade cells are most susceptible to injury because they are 
photosynthetically acitive tissues. A conspicuous decrease in the epidermal 
cell size in leaves was observed in Syzygium cuminii (Jafri et al., 1979), 
Jasminum sambac (Kulshreshtha et al., 1980) and Psidium guajava (Yunus 
and Ahmad, 1980). 
Tissues in the middle region of young leaves had an overall 
reduced development in the polluted populations of both species in the 
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present study, during early stage of growth. However, the loss in area 
was later compensated in loaves of Kuphorbin hirtn at the polluted site, 
though the vessels elements were significantly narrow. 
Reports of tip burn and tip necrosis in pine needles by Dochinger 
and Seliskar (1970), Dochinger and Arner (1978) and Sun and Su (1985) 
show that leaf tip are also equally sensitive to pollution effects. 
Development of various tissues in the leaf tips of polluted samples of 
Amaranthus viridis and Euphorbia hirta was relatively low in terms of 
area occupied, at the early and middle stages of plant growth, but was 
enhanced at later a stage. The vessels differentiated at this stage 
were wider in _A. viridis and narrower in E^. hirta. 
ANATOMY OF OLD LEAVES 
Area of tissues in Petioles : 
Petioles of the polluted samples of _A. viridis and E. hirta 
had an appreciable tissue expansion in mature leaves, at the first two 
collection stages. 
A higher sensitivity of old and mature leaves to various ait-
pollutants such as S0„ and N0„ has been reported by several workers 
(Barret and Benedict, 1970-, Stern et al., 1973; Elkiey and Ormrod, 1979), 
Old leaves of Cucurbitaceae exhibited more injury due to S0„ than 
Li 
young leaves (Bressan et al., 1978; Sekiya et al., 1982). Neufeld et al. 
(1985) reported that the older leaves of Liquidambar styraciflua, Liriodendron 
tulipifera, Platanus occidentalis, and Robinia pseudo-acacia had more 
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damage due to simulated acid rain than young leaves. 
Study of the internal leaf tissues revealed plasmolysis of palisade 
cells caused due to pollution by ozone (Barbov, 1952), while cells of 
the entire leaf plasmolysed due to flourine and SO^ pollution (Thomas, 
1951). 
Higher sensitivity of old and mature leaves to pollution is 
probably duo to iiicfOMSo in inlereellulMr spneos at malurily and oilier 
histological clianges that facilitate more rapid gaseous diffusion (Pande 
and Gates, 1986). Observations using light microscope revealed that 
leave from polluted plants of Phleum pratense were thicker than those 
from controls and mosophyll cells of the polluted leaves were much 
larger and less tightly packed with large intercellular spaces (Mansfield 
et al., 1986). Stomata of expanded old leaves of Pisum sativum closed 
less frequently during exposures to pollutants than stomata of young 
leaves, which might account for the greater damage in old leaves than 
in young leaves (Olszyk and Tibbitts, 1981). 
Development of various tissues in the middle portion of mature 
leaves of polluted Amaranthus viridis, in the present study, showed a 
marked decline during early ontogeny of the plant. At later stages, 
different tissues developed in greater amounts. However, in Euphorbia 
hirta the development of various tissues suffered at setback in mature 
plants. 
A_. viridis experienced an overall increase in terms of area 
occupied by various tissues in the tip region of mature leaves al the 
125 
polluted site, while in E^ . hirta, the young and the mature plants had 
a diminished growth of tissues, compared with the corresponding reference 
material. 
Influence of Age and Meteorology : 
Conditions which enhanced absorption of toxic gases from the 
atmosphere include high light intensity (especially in the morning hours), 
high relative humidity, adequate moisture supply and moderate temperature 
because these are the conditions which cause stomata to open (Thomas, 
1961). Most plants close tlieir stomata at niglit and are therefore more 
resistant in the dark than in the light. Relative humidity increased 
ozone sensitivity of Fraxinus americana in young stages (Wilhour, 1970). 
Frequency of wind direction and major gases released from the pollution 
source influence the degree of sensitivity. Srivastava et al. (1975) 
and Yoneyama et al. (1979) reported that absorption of N0„ by plants 
is usually greater during daytime than at night, coincidental with plant 
activity. Frequency of wind direction and the relative humidity also 
influence the degree of sensitivity (deOng, 1946, Ashciidcn and Munsficid, 
1977, Carlson, 1979). 
The response of plants to pollutants is known to differ with 
season (Davies, 1980). Davison and Bailey (1982) noted that the effects 
of SO^ are more severe in winter on Lolium perenne, because S0„ decreases 
the freezing resistance of the plant. Sometimes a small temporary 
increase in photosynthesis is observed after SO™ fumigation (Roberts 
et al., 1971, Winner and Mooney, 1980), which may be due to SO -induced 
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reduction of photorespiration (llallgren, 1984). 
In the present study, plants were collected at monthly intervals 
(January to March). Thus a gradual variation in age and the climatic 
conditions such as temperature, light, relative humidity, rainfall and 
the presence of atmospheric pollutants acted together on the developing 
plant. Collections made in January showed that both taxa put a greater 
priority to the development of roots, especially in terms of root length 
and weight. Loss in shoot length was more pronounced in K hirta, which 
could be due to reduced green leaf area plant , and less developed 
leaf tissues. In _A. viridis any adverse effect of environment or climate 
on shoot growth was overcome by an increase in the leafiness of plants, 
followed by a good development of mesophyll and vasculature in leaf 
lamina. Any loss in growth of either of the plants at this stage may 
be attributed to the fact that at extremely low temperatures in winter, 
interaction between frost injury and S0„ pollution gets severe, because 
SOn decreases the freezing resistance of plants. High relative humidity 
during this period of time many also possibly account for damage to 
plants. 
In the month of February, when plants were comparatively 
older, the conducting tissues in leaves and stem in both taxa put up 
strong resistance to the adverse environmental conditions. Shoots of 
E. hirta became long and thin, the mechanical support being given by 
the elongated narrow fibres in both plants. Tissues in roots of A. viridis 
became well developed, showing a positive response towards pollution. 
The optimum conditions of temperature and light probably helped to 
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overcome the ill effects associated with long-term exposure of plants to 
pollutants. However, formation of narrow vessels and fibres may be 
a result of the long-term exposure. 
In the month of March, rainfall and the relative humidity may 
not have as much an influence on the growth of plants as does age. 
High temperature and light intensity, coupled with the resistance developed 
by plants may account for increased branching and leafiness in both 
species. The well developed tissues of root and shoot may also be 
a consequence of the influence of these factors. 
SUMMARY 
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S U M M A R Y 
The present study deals with the effect of air pollutants emerging 
out of a coal-fired power plant on the growth and anatomy of two 
selected weeds, namely Amaranthus viridis and Euphorbia hirta. The 
Thermal Power Plant complex of Kasimpur was selected as the source 
of pollution. The complex, located nboul 16 km North-East of Aligurh 
(the latter was taken as a reference site) runs on low grade sulphur-
rich bituminous coal with a daily average consumption of 3,192 metric 
tons, and emits large amounts of noxious gases and particulate pollutants. 
Plants were collected randomly from two sites i.e. from the 
area within 1 km range around the source of pollution (Silo 'I?') Mtid 
from the reference site (Site 'A') at the rate of 10 plants sample at 
each of the three selected stages of plant growth; (1) Young stage 
( a stage between seedling and the middle phase ), (11) Middle stage 
( a stage of vegetative growth ) and (111) Old stage ( the stage of 
flowering and fruiting ). The following parameters were considered 
to workout the responses of tlio scioctod species : 
(I) External injury symptoms on plants, (2) Root length, (3) Shoot 
length, (4) Branches plant" , (5) Leaves plant~ , (6) Petiole length, (7) Total 
-1 -1 
leaf area, plant , (8) Fresh and dry weight of leaves plant , (9) Fresh 
and dry weight of shoot plant , (10) Fresh and dry weight of root plant" , 
(II) Fibre length, (12) Fibre width. Length of vessel elements, (13) Vessel 
width, (14) Frequency of vessels in shoot and root, (15) Relative proportion 
of tissues in stem and root, (16) Tissue proprotion in potioles (Young 
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and old) and (17) Tissue proportion in the lamina of young and old leaves. 
The data obtained in the present study were analysed to find 
out standard deviation (S.D.) between the two sample means. The per cent 
variation, i.e. the per cent increase or decrease in parameters with 
increasing plant age was computed to compare the level of sensitivity 
of the different parameters, at different growth stages. The major 
findings of the present investigation are summarised below. 
Sensitivity Stage : 
The response of different parameters in the selected species 
is displayed in a decreasing order of variation at the tiirco growtli stngcs : 
PARAMETERS 
Amaranthus viridis Euphorbia hirta 
GROWTH STAGES 
ROOT 
Fibre Length 
Fibre Width 
Vessel Element Length 
Vessel Width 
a) Tangential 
b) Radial 
Root Lengtii 
Root Fresh Weight 
Root Dry Weight 
Tissue Area 
a) Cork 
b) Cortex 
I, 
I, 
I, 
1*, 
I*, 
] * , 
1*, 
I*, 
11* 
III* 
III, 
III, 
III, 
III, 
111, 
11*, 
11*, 
11* 
I 
1 
11* 
11 
H 
II* 
II 
111 
111* 
III* 
III* 
II* 
11*, 
11*, 
Hi, 
I*, 
1*, 
1*, 
III*, 
I* 
111* 
III* 
I*, 
III, 
I* 
I I* , 
III*, 
111*, 
II, 
III* 
1 
1 
III* 
1* 
11* 
III* 
II* 
11* 
I 
II 
II 
II 
c) Phloem 
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i) (Primary Vascular 
Bundles) II* III I* III" I* II 
ii) (Secondary Vascular 
Bundles) II* 111* 
d) Xylem 
i) (Primary Vascular 
Bundles) II* III* III* II* I 
ii) (Secondary Vascular 
Bundles) II* 111* 
STEM ( 111 INTERNODE FROM BASE ) 
Fibre Length 
Fibre Width 
Vessel Element Length 
Vessel v/idth 
a) Tangential 
b) Radial 
Shoot Length 
Shoot Fresh Weight 
Shoot Dry Weight 
Tissue Area 
a) Epidermis 
b) Cortex 
c) Pith 
d) Phloem 
i) (Primary Vascular 
Bundles) 
ii) (Secondary 
Bundles 
Vascular 
111 
11* 
III 
111 
111 
III 
111 
1* 
11 
II* 
III* 
III* 
II* 
II* 
1* 
II* 
II 
1* 
II 
11 
III 
III* 
III* 
II* 
11* 
111 
1 
111* 
I* 
1* 
11 
I* 
1 
11* 
I 
I 
I 
I 
I* 
111* 
1 
II 
III* 
1* 
II* 
11 
1 
III* 
III* 
II 
III* 
-
11* 
111 
I 
I 
11* 
I 
I 
11 
11 
11 
I 
II 
-
1 
11 
III 
11* 
111 
III* 
III* 
III* 
1 
I 
III* 
I 
-
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e) Xylem 
i) (Primary Vascular 
Bundles) 
ii) (SecondaryVascular 
Bundles) 
III* II* 
II* I III 
111* II* 
THIRD INTERNODE FROM APEX 
Fibre Length 
Fibre Width 
Vessel Element Length 
Vessel Width 
a) Tangential 
b) Radial 
111 
111* 
II 
11 
11* 
I 
1* 
III 
I* 
I 
11 
11* 
I* 
III* 
111 
11* 
11* 
11 
1 
I 
111 
111 
III* 
11* 
11* 
I 
1 
I 
111 
111 
Tissue Area 
a) Epidermis 
b) Cortex 
c) Pith 
d) Phloem 
i) (Primary Vascular 
Bundles) 
ii) (Secondary Vascular 
Bundles) 
e) Xylem 
i) (Primary Vascular 
Bundles) 
ii) (Secondary Vascular 
Bundles) 
Branches Plant 
-1 
Leaves Plant 
Leaf Fresh Weight Plant -1 
II 
HI* 
III* 
I 
11 
11 
III* 
1 
I 
III 
111 
II* 
I 
1* 
III 
II* 
11* 
I* 
111* II 
111* I* 
III* II 
II 
II 
III 
111 
II 
111* 
II* 
1* 
I* 
I* 
III* 
11* 
III 
11 
1* 
111 
II* 
-
I* 
111* 
I 
-
HI* 
H 
III 
-
H 
I 
H 
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Leaf Dry Weight Plant •1 111 II* 11 111 
YOUNG LEAVES 
Petiole Tissue Area 
a) Epidermis 
b) Ground Tissue 
c) Phloem 
d) Xylem 
e) Vessel Diameter 
i) Vertical 
ii) Horizontal 
11* 
11* 
11* 
11* 
I* 
111* 
111* 
I* 
111* 
1* 
1* 
111* 
III 1 
1 111 
II & 111 I 
11* I 
11 
11* 
-
Ill 
11* 
11* 
1* 
I 
I 
111 
II 
11 
III 
I 
Mid Lamina Tissue Area 
a) Epidermis 
b) Palisade Zone 
c) Spongy Parenchyma 
d) Vein Sheath 
i) Midrib 
ii) I Intercostal Pair 
iii) II Intercostal Pair 
iv) III Intercostal Pair 
v) Marginal 
e) Vein Vasculature 
i) Midrib 
ii) I Intercostal Pair 
iii) II Intercostal Pair 
iv) III Intercostal Pair 
II* 
II 
11 
III 
III 
III 
II 
I 
11* 
1 
11* 
I 
111* 
111 
III 
& III II 
11 I 
II I 
11 I 
11 I 
-
ill 
III 
III 
III 
II 
III* 
1 
III* 
& III* 
111* 
I 
Ii* 
I 
I 
II 
II* 
III 
II* 
-
I 
III 
11 
III* 
111* 
11* 
111* 
11 
I 
I 
1 
I 
II 
I 
11* 
II 
11 
11 III 
I 111* 
1 & III* -
III* I 
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III 
III 
I* 
I 
II* 
II 
III* 
II 
1 
I* 
II 
III 
v) Marginal II* I* III II* I III 
f) Veins Section"^ II* 1* III 1 H HI 
g) Vessel Diameter 
i) Vertical 
ii) Horizontal 
Leaf Tip Tissue Area 
a) Epidermis I IH II I HI* H 
b) Palisade 111* II 1 11 I III 
c) Spongy Parenchyma II 1 III 1 II III* 
d) Vein Sheath 
i) Midrib 
ii) 1 Intercostal Pair 
iii) II Intercostal Pair 
iv) 111 Intercostal Pair 
v) Marginal 
e) Vein Vasculature 
i) Midrib III* II I I HI H 
ii) I Intercostal Pair III* II I 1 II III 
iii) n Intercostal Pair III* I & II - II I & II -
iv) III Intercostal Pair II 1* HI H* HI* I* 
v) Marginal I* 11 & III* - III* I II 
f) Veins Section"^ H* III* I* II I III* 
g) Vessel Diameter 
i) Vertical 
ii) Horizontal 
HI* 
II 
I* &H 
II 
H 
I* 
i*&:ni* 
III 
III 
I* 
II 
-
-
I 
HI 
I* 
III 
III* 
HI* 
111* 
H* 
1* 
1 
I* 
II 
HI 
11 
11 
11 
I 
III* 
II 
II 
HI* 
I 
I 
HI 
III* 
II 
I 
I* 
II 
OLD LEAVES 
Petiole Tissue Area 
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a) Epidermis 
b) Ground Tissue 
c) Phloem 
d) Xylem 
c) Vessel Diameter 
i) Vertical 
ii) Horizontal 
11* V 
11* 1=" 
II" 
III 
111* 
III* 
11* 111 1 
II* III 1=" 
11* 1 
I & III II 
II* 1=1 
III 
III" 
III 
111 
II 
11 
I 
1 
II* 
1 
I 
111* 
III 
11* 
Mid Lamina Tissue Area 
a) Epidermis 
b) Palisade 
c) Spongy Parenchyma 
d) Vein Sheath 
i) Midrib 
ii) I Intercostal Pair 
iii) II Intercostal Pair 
iv) III Intercostal Pair 
v) Marginal 
II 
11 
in I* 
II III 
111* 
I I * III 
III 
111 
II* 
11* 1 
II 
I* 
I* 
I* 
I* 
II* III 
III* 
III* 
III* 
III* 
III* 
11* 
II* 
II* 
II* 
I* 
1* 
I* 
I* 
I* 
II* 
111 
III 
III* 
III 
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e) Vein Vasculature 
i) Midrib 
ii) I Inlcreoslal Pair 
iii) II Intercostal Pair 
iv) III Intercostal Pair 
v) Marginal 
f) Veins Section 
g) Vessel Diameter 
i) Vertical 
ii) Horizontal 
II 
1* 
I* 
1* 
I* 
I* 
II 
II 
II 
II 
III 
III 
III 
III* 
III 
II* 
II* 
11* 
II* 
II* 
III 
III 
III 
III 
III 
I 
1 
I 
I* 
1* 
111 II 1* I* II III 
III 
I 
1 
HI 
II* 
II* 
11* 
III* 
I* 
I 
111* 
II 
Leaf Tip Tissue Area 
a) Epidermis 
b) Palisade 
c) Spongy Parenchyma 
d) Vein Sheath 
i) Midrib 
ii) 1 Intercostal Pair 
iii) 11 Intercostal Pair 
iv) III Intercostal Pair 
v) Marginal 
III 
11* 
I* 
II* 
I* 
I* 
I* 
I* 
I 
III 
11* 
III* 
11* 
II* 
III* 
HI* 
II* 
I* 
III 
I 
III 
111 
II 
II 
e) Vein Vasculature 
i) Midrib 
ii) I Intercostal Pair 
iii) II Intercostal Pair 
iv) III Intercostal Pair 
II* I*&1II* -
I* III II* 
II* I*&III* -
11** 111 1* 
II* III* I* 
II* I III 
II* III I 
II* III* I* 
II* I* III* 
II* III I 
II* H I * I 
II* I* HI 
HI I* II 
H * III I 
HI II* I* 
11 dc H I * 1* 
v) Marginal 
Positive Variation 
I* 11=" III 
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111 IP 
f) Veins Section 
g) Vessel Diameter 
i) Vertical 
ii) Horizontal 
I 
II 
II 
111 
III 
III 
11 
1* 
I* 
11 
III 
II* 
111* 
11* 
III 
1* 
1 
I* 
Parameter Sensitivity : 
The following list shows the various parameters arranged in 
a decreasing order of sensitivity in both the selected species : 
Amarcmthus viridis 
ROOT 
( Weights and Dimensions ) : 
1. Dry weight* 
2. Fresh weight* 
3. Root length* 
4. Vessel element length 
5. Vessel diameter (Tangential)* 
6. Vessel diameter (Radial)* 
7. Fibre length 
8. Fibre width 
Euphorbia hirta 
ROOT 
1. Dry weight* 
2. Root length* 
3. Fresh weight* 
4. Fibre length* 
5. Vessel diameter (Tangential)* 
6. Vessel diamter (Radial)* 
7. Vessel element length 
8. Fibre widtli* 
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Amaranthus viridis 
Area Occupied by Tissues : 
Euphorbia hirta 
1. Xylem (Secondary vascular bundles)* 1. 
2. Starch sheath* 2. 
3. Phloem (Secondary vascular bundles) 3. 
4. Phloem (Primary vascular bundles)* 4. 
5. Pith* 
6. Xylem (Primary vascular bundles)* 
7. Cork* 
8. Cortex 
9. Hypodermis 
Cork* 
Xylem* 
Phloem* 
Cortex* 
STEM 
( Weights and Dimensions ) : 
1. Dry weight 
2. Fresh weight 
3. Vessel diameter (Tangential) 
4. Shoot length 
5. Vessel diameter (Radial) 
6. Vessel element length 
7. L'ibre loi\glh 
8. Fibre width 
STEM 
1. Shoot length* 
2. Shoot fresh weight 
3. Vessel diameter (Radial)* 
4. Shoot dry weight 
5. Fibre width 
6. Vessel diameter (Tangential) 
7. Fibre length 
8. Vessel element length 
Area Occupied by Tissues : 
1. Hypodermis* 1. Cortex* 
2. Phloem (Primary vascular bundles)* 2. Epidermis* 
3. Xylem (Secondary vascular bundles)* 3. Phloem* 
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Amaranthus viridis 
4. Cortex* 
5. Conjunctive tissue* 
6. Xylem (Primary vascular bundles)* 
7. Phloem (Secondary vascular bundles)* 
8. Epidermis* 
9. Pitli* 
10. Starch sheath 
Euphorbia hirta 
4. Pith 
5. Xylem 
STEM APEX 
1. Vessel diameter (Radial) 
2. Fibre width* 
3, Fibre length* 
4. Vessel diameter (Tangential 
5. Vessel element length 
1 
2 
3 
4 
5 
Fibre width* 
Fibre length* 
Vessel diameter (Radial) 
Vessel diamter (Tangential) 
Vessel element length 
Area Occupied by Tissues 
1. Phloem (Secondary vascular bundles*) 1. 
2. Hypodermis* 2. 
3. Xylem (Secondary vascular bundles*) 3. 
4. Phloem (Primary vascular bundles*) 4. 
5. Conjunctive tissue* and 5. 
starch sheath 
6. Cortex* 
7. Xylem (Primary vascular bundles*) 
8. Pith* 
9. Epidermis 
Xylem 
Pith* 
Phloem 
Cortex 
Epidermis 
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Foliar Paramters 
1. Leaf fresh wt. plant 
- 1 * 
- 1 * 
Leaf dry wt. plant 
- 1 * Leaves plant 
Branches plant • 1 * 
5. Petiole length 
1. 
2. 
3. 
4. 
5. 
Petiole length* 
Leaf dry weight plant -1 
Leaf fresh weight plant 
Leaves plant 
Branches plant • 1 * 
This study was conducted under field conditions, and needs to 
be repeated under laboratory conditions before making any generalisations 
regarding the different leaves of response by the parameters studied. 
However, a comparison of the performance of plants growing at the 
polluted and the reference sites leads one to the following conclusions : 
1) The length and the dry weight of roots gained in the polluted 
samples during the early stages of growth in both species. An 
overall gain in root growth (such as root length, cell size, 
tissue development) was noticed during the older stages in 
both species. 
2) Shoot length and shoot dry weight also gained in the early 
stages of plant growth, while tissue expansion was greater 
during the late stages of the two species growing in the polluted 
atmosphere. 
3) Young and delicate portions of stem showed a suppressed growth 
during the early growth stage at the polluted site but the 
loss was readily overcome in the later stages in the both species. 
14u 
4) Young leaves were more ufleelcd by the enviromciil Ihroughoul 
the plant ontogeny than old leaves in both species. 
On the whole, both the selected species showed a more vigorous 
growth at the polluted site that at the reference site and hence such 
weeds, if present around the source of the coal-smoke pollution, may 
possibly act as biological scavengers for the polluted environment. In 
addition they may also be identified ns biological indicators for the 
pollutants specifically produced by the coal-burning in the tliormaJ power 
plants. 
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Originals not seen. 
Plulc 1 : The First Growth Stage of Amuronthus viridis. 
A : Plant from the reference site showing the adaxial 
leaf surface. 
A.: Plant from the reference site showing the abaxial 
leaf surface. 
B : Plant from the polluted site showing the defoliated 
lower nodes. 
B . : Injured leaves with the adaxial surface exposed. Young 
leaves show chlorosis on entire leaf surface, inter 
costal and tip necrosis. Old leaves show necrosis at 
tip and midrib regions. 
B„: Injured leaves with the abaxial surface exposed. 
PLATE 1 
Plate 2 : The Second Growth Stage of Amaranthus viridis. 
A : Plant from the reference site showing the adaxial 
leaf surface. 
A. : Plant from the reference site showing the abaxial 
leaf surface. 
B : Plant from the polluted site showing tiie defoliated 
lower nodes. 
B. : Injured leaves with adaxial surface exposed. Young 
and old leaves show a severe intercostal and tip 
necrosi s. 
B2 : Injured leaves with the abaxial surface exposed. 
PLATE 2 
Plate 3 : The Third Growth Stage of Amaranthus viridis. 
Mature plant from the reference site. 
A. : The adaxial surface of leaves of the reference plant. 
A„ : The abaxial surface of leaves of the reference plant. 
PLATE 3 
Plate 4 : The Third Growth Stage of Amaranthus viridis. 
B : Entire Plant from the polluted site. 
1 B^ : Injured leaves from the polluted site, with the adaxial 
side exposed. Young leaves show deformation and 
old leaves have a severe chlorosis and necrotic 
flecks in intercostal regions. 
B„ : Injured leaves from the polluted site, with the abaxial 
side exposed. Young and old leaves show chlorosis 
on the abaxial surface. 
>/JJ 
(D 
PLATE 4 
Plate 5 : Euphorbia hirta in The First Growth Stage. 
A : Young plant from the reference site. 
A. : A twig of the young reference plant with the adaxial 
surface exposed. 
A~ : A twig of the young reference plant with the abaxial 
surface exposed. 
B : Young plant from the polluted site, showing defoliation 
at the lower nodes. 
B. : Injured leaves with the adaxial surface exposed. 
Young leaves show bronzing ul tips and margins 
while old ones show tip necrosis. 
B^ Injured leaves with the abaxial surfaces exposed. 
PLATE 5 
Plate 6 : Euphorbia hirta in The Second Growth Stage. 
A : Middle stage plant from the reference site. 
A. : Adaxial surface of leaves from the reference site. 
A„ : Abaxial surface of leaves from the reference site. 
B : Plant from the polluted site showing premature 
senescence at the first few apical nodes. 
B. : Adaxial surface of injured leaves from the polluted 
site showing bronzing and the tip and marginal 
necrosis. 
B^ : Abaxial surface of injured leaves from the polluted 
site. 
PLATE 6 
Plate 7 : Euphorbia hirta in The Third Growth Stage. 
A : Old plants from tlie refei-cnce site. 
A. : A twig of the old plant from reference site with 
the adaxial leaf surface exposed. 
A„ : A twig of the old plant from reference site with 
the abaxial leaf surface exposed. 
B : Old plants from the polluted site, showing injured 
leaves and premature senescence. 
B. : Injured leavves with the adaxial surface exposed, 
showing bronzing, chlorosis and necrosis. 
B™ : Injured leaves with the abaxial surface exposed, 
showing bronzing, chlorosis and the tip and marginal 
necrosis. 
PLATE 7 
Plant 8 : V.S. of the middle portion of young leaf of Amaranthus 
viridis at third growth stage : 
A : Material from site 'A' . 
B & C : Material from site 'B ' , 
( all at X 100 ) 
a.s. = air spaces between mesophyll 
cells; b.s. = bundle sheath; 
e - epidermis; e,h. = epidermal hair; 
f.e.s = flattened epidermal cells; 
g.c. = guard cell; p = palisade tissue; 
ph = phloem; s.c, = Stomatal chamber; 
s.p. = spongy parenchyma; xy = xylem. 
as. 
B 
PLATE 8 
Plate 9 : V.S. of llie middle portion of old Icuf of li,uphorbia 
hii'ta nt second growth s tage. 
A : Material from site 'A' 
B ; Material from site 'B ' . 
( both at X 100 ) 
b.s.= bundle sheath; e.e.c. = enlarged epidermal alls; 
e.h. = epidermal hair; p = palisade tissue; 
ph = phloem; s.p. = spongy parenchyma; 
xy = xylem. 
e.e.c. 
e-e.c. 
PLATE 9 
B 
